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Foreword 

It is a pleasure to write a foreword for this new book on 'Fractures and 
Dislocations' for medical students and young doctors starting out in Or- 
thopaedics. 

This book is the labour of two Senior Orthopaedic Surgeons from King 
Khalid University Hospital, King Saud University, It is a modern textbook, 
dealing with the principles of diagnosis and treatment of fractures and dis- 
locations that are commonly encountered in Orthopaedic practise. 

The style is clear and easy to follow with beautiful line drawings which 
make the text comprehensive. The approach of this book has been to dis- 
cuss the principles of fracture management, including the process of frac- 
ture healing. This is then followed by sensible and clearly explained sections 
on all fractures and dislocations, which involve the upper and lower limb 
and the spine including the pelvis. 

One of the delights of this book is the frequent use of anatomical draw- 
ings to explain the fracture mechanism. The clinical approach draws heavily 
on the authors British training and the teaching of Mr. Graham Apley, and 
combines this with a sensible and logical approach to fracture treatment, by 
using the methods of the A-O school where and when the authors think 
appropriate. 

This is clearly a book for Medical Students who will not only gain from 
its straight forward and uncluttered approach, but will get an insight into 
modern orthopaedics and the challenges that are present. It is also an excel- 
lent book for junior doctors who are working in Orthopaedic Departments. 
They will find much useful advise on how to diagnose and treat fractures 
and will also be able to clearly understand the process of the fracture 
mechanism. 

Drs. Badr and Shaheen are to be congratulated on this fine work aiong- 
with Mr. Ramilla the Medical artist. 

I believe this book will be widely read, not only in their own country but 
in every department, where a concise, clearly illustrated modern work is 
required. 



S.P.F. Hughes 

Professor of Orthopaedic Sugery 
University of Edinburgh 
Scotland, U.K. 
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Preface to the Second Edition 



Since the pubiication of the first edition there has been a continuing heavy 
demand for this book from medica! students and trainees. In this edition many 
advances in the treatment of fractures and dislocations have been incorporated 
to update the text without increasing the size. 

The aim remains the same basic, standard and simple but modern and up 
todate concentrating on principles rather than methods. 

Our thanks and acknowledgement are extended to our students and trainees 
who recognised the value of the work. Thanks and appreciation are due to all 
colleagues in the Department of Orthopaedics in King Saud University for their 
constructive criticism and advice to keep the book up todate. 



BADR & SHAHEEN 
1417 A.H. 



«• 



Preface to the First Edition 

This book on Fractures and Dislocations is written originally for under- 
graduate students. The book has never presumed to be a complete text on 
the subject. We have always intended it to be a useful guide to under- 
graduate students and a companion to orthopaedic trainees. 

Emphasis has been placed on the principles of fractures and dislocations 
and ifs clinical presentation. The principles of treatment are described omit- 
ting the fine details. 

Our thanks are due to Mr. M. Mazhar Ullah for his diligence throughout 
the publication of this book. We also thank Mr. B M. Ramilla, who has given 
a lot of time and effort in the production of diagrams. 

We would like to acknowledge the encouragement and support extended 
to us by Prof. Price Evans as well as his assistance, unselfishly devoting 
his free time in checking and criticizing the proofs in order to expedite the 
completion of the book. Our thanks also to Professors S.P.F. Hughes, 
J. James, J. Giilingham and G. W. Taylor, for checking and correcting the 
manuscript 

BADR & SHAHEEN 

1417A.H. 
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Principles of Fractures and 
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DEFINITIONS 



Fracture 



A fracture is a break in the continuity of bone which coul d be co mplete { Fig . 1 ) 
or incomplete (green stick fracture) Fig. 2. 





Fig. 1 Complete fracture 



Fig. 2 Incomplete fracture 



A closed fracture - simple 

Is a fracture which does not commu- 
nicate with the external environment 

(Rg. 3). 




Fig. 3 Closed fracture tibia 
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An open fracture - compound fracture 

Is a fracture in which the fracture site 
" rominuniuales w ith the external en- ' 
vironment (F ig. 4). 




Fig. 4 Open fracture tibia 



A complicated fracture 

Is a fracture a ssociated with damage 
to nerves, blood vessels, or internal nr? 
gans (Fig. 5). 




Fig. 5 A supracondylar fracture of the 
humerus with damage to the brachial artery 



A pathological fracture 

Is a break in the continuity of bone 
within" an abnormal bone structure (Fig ' 
If. ' 



Ffg. 6 Pathological fracture - simple bone 
cyst 
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Dislocations 

A dis location is a complete separa- 
tion of the articular surface. The dislo - 
cation is described as anterior, poste- 
rioTrm^oTarcTlaTeTardeTJendiha On trig- 



displac ement of thejd istal articular su£_ 

^fp-^gatiV^JC- th p p^nvimal nnfi 




Fig. 7 Dislocation of the shoulder 



A subluxation 



Is a partial separation of the articular 
surface (Fig. 8). 



A fracture dislocation 



Is a fracture of one or more of the 



bonyrornponents of a joint associated 
with separation of that joint (Fig. 9). 




Fig. 8. Subluxation of the shoulder 




Fig. 9 Fracture dislocation of the elbow 
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MECHANISMS 

Mechanisms of Injury 

For a fracture or a dislocation to occur, the bone must be subjected to a physical 
force, the amount and direction of it will determine the line and extent of the 
fracture or the dislocation. 

A. Amount of force It is essential to determine the amount of force exterted 
on the bone to establish whether the fracture is pathological or non-pathologica l. 
If the exerted force which led to a fracture was considered insufficient or trivial, 
the.diagnosis of pathological fracture should be considered. 

B. Direction of force This will determine the line of the fracture. Fo r a better 
understanding, the mechanism of force will De discussed as follows: 

J- Forces Aoihig on Long Bene 

a. Direct force & 

With a direct force, the bone is fractured at the point of impact, this would imply 
that associated soft tissue damage is great. A direct force may be; 

i. Tapping force: T his leads to a traverse fracture . 

ii. Crushing force: This leads to a comminuted fracture . 

iii. Penetrating force: This jeads to a comminuted fra cture- 
fa. Indirect force_ 

Indirect force is a force which is exerted at a distance from the site of the 
fracture, accordingly soft tissue damage is expected to be less than those due to 
direct force. An indirect force may be: 

i . Twisting force: This leads to a spiral fract ure. 

i i. Angulating for ce": This leads to a transverse fra cture. 

h i. Angulation combined with axial compression force: This leads to a fracture 
which is partly transverse but there is also a se parate triangular fmngarrt^rrr^ 
d 'Butterfl?" 

iv. A combination of twisting, angulation and axial co mpression forces lead 
to a short oblique frartiim ' "*"~ 

v. Vertical compression force. 
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crushing 
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(TRANSVERSE FR.) 



VERTICAL 
COMPRESSION 
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2. Forces^ Acting on Cancellous Bone 



As in vertebra and calcaneum: 
A sufficient force usually lea ds' to 
comminuted, burst or wedgelract ure 

( fig. i or ~" 



> f r > ,' y ft 












Fig. 10 Burst fracture of the verlebra 



_3; Forces Due to Resisted Muscle Action 



These forces act mainly at or near a joint and it leads t o avulsion tvne fracture 
fFl 9- t1 >- fractured patella due to resisted knee exten sion, and fracture of the 
olecranon due to resisted elbow extension. """ 





a. Fracture of the patella. 



b. Fracture of the olecranon. 



Fig. 11 Avulsion fractures 
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DIAGNOSIS 

A Broken Bone is a Part of the Skeletal System 

which is a Part of the Body. ' 

In the majority of cases, the diagnosis of a fracture or a dislocation is simple 
and straightforward. 

The diagnosis depends on: a) A full history, b) A general and local examination 
and c) X-Rays and investigations. 

A. History 

1. There is a history of trauma ^ the amount of which should be estimated to 
differen tiate between pathological or non-pathological fractur e. 
"ITTh e mechanism of injury should be determined t o help in deciding Jhe pos- 
sible type of injury to bone, soft tissue and other associated injuries, and to help 
in maragement_ by reversing the force during reduction. For example, after a fall 
from a height, the patient having landed on his feet, one should suspect a fracture 
of the calcaneum possibly associated with another in the pelvis, and possible a 
vertebra. 

3. Complaint 

a) Pain which is sharp, of sud den onset, exaggerated by movement, relie ved 
by rest and immobilization, usuall y not refe rred. 

b) Loss of function: The oatieni is unable to use the injureo iimo. 

c) Deformity. 

d) Symptoms related to complications. 

4. Other systems 

Inquiries should be made regarding other systems paying particular attention 
to h ead, chest and abdomi nal injuries^lso one should enquire about the previous 
medical history particularly drug treatment. 

B. Examination 

In addition to local examination of the injured site, it is essential to examine the 
whole patient. 

G&rmmfpmmirmtiofJ 

1 . Signs resulting from fracture or trauma., 

- Vital si gns relating to airway obstruction, bleeding (external or internal) 
and shdckT 

- Associated damage to head, chest and abdomen. 

2. Signs related"to theia^usTofiraolyfe, specially in pathological types. 
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examination 



It must be stressed that any patient with a possible fracture or dislocation must 
be handled with the utmost care and gentleness. It is inadvisable to elicit signs as 
crepitus and abnormal movement, since such a procedure will cause a lot of pain 
and distress to the patient, 

turesitej npi e fractures tne skin is inta ct. Defon 

dls P laced fra P tur g anajjajgcatjon. A fracture haematoma leads to a swellin g 



nwo oiru auiiuiindi movement, since sucn a procedure will cause a lot of pain 
distress to the patient, 

Inspection {look) In a compound fracture there is skin damage a t the frac- 
site while irlsimfle fractures the skin is inta ct. Defor mity is obvious wit h 

aced fracture and dislocation. A fracture haematoma leads to as 
JT Palpation - f feejjT here TislocalizeTte ndemfiss!at tha frarii7rp ? itV. 
3. Move: Active movement is usually im paired with pain anri inss pUunction 
Pas sive movements are painful, abnormal and usually a ssociated with crepitus. 
^TJ22L (a) Special Tests - It is necessary to AyTJTSrfmTFisrTTTy^^ 
fracture for neuro vascular damage, 
( b) Measuremen ts^- Presence of shortening 

in all local examinations always compare with the norma! side. 

C. X-rays and Other Tests If Required 

The accurate diagnosis of a fracture, its site, line and displacement is made bv 
examination of X-rays. 

Requirements in X-rays: 

Essenm reefmmmsms 



a. Two views 

J wo views at right angles to each other, antero- posterior and latera l are 
needed, firstly because some fractures may show on one view only e g undis- 
placed fracture of the neck of the femur, secondly to determine the deqree of 
displacement at the fracture site. 

b. Two joints 
The joints aboyg^ocLbeJoMtJhe site 

of the fracture must be examined, firstly 
to avoid missing an associated injury 
and secondly to determine the degree 
of angulation at the fracture. E.G. a 
forearm fracture of a single bone may 
be associated with a dislocation of joint 
above or joint below. 




Fig. 12 Fracture of the ulna and dislocation 
of the upper radio-ulnar joint 
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a. Two limbs f or comparison, th is is of value usually in children, since radiolog- 
ical 'diagnosis of fractures can sometimes be difficult. 

fc, Two occasions: If the clinical diagnosis of a fracture is very likely and X-rays 
do not show a fracture, rep eat of X-ray after 1-2 weeks is indic ated. This is 
because resorption mak esTFe fracture lineobvious. This concept is mo st com-" 
monly appnea 10 suspected fractures of the scaphoid. 

^fcjn certain situations, s pecial X-rays may be needed as e .g. _stress films to 
demonstrate ligamentous injuries at the ankle or the knee (FigT13 and 14). 





t"7 



Fig. 13 The knee looks normal although the 
medial ligament is ruptured 



SIRES' 



Fig. 14 Same knee under valgus tress shows 
widening due to the ruptured medial ligament. 



Description of the fracture 



The fracture is described according to: 

1 . ^Situation: Side of fracture ( right or left). Site of fracture in relation to the bon e 
"(upper, middle, lower). 

' 2trt^n^ o T;tne tracture (transverse, spiral and^ojnminuiBdL 
3. Displacement (Fig. 15) which could be; 

^a.£hj#: lateral, medial, anterior or posterior . 

off - angulation : lateral medial, anterio r or posterior. 

cfiwist -^ Totation: external or i nternal. 

^r^^^^Gg : due to overriding of fract ure ends. 
In describing the displacement the distal fragment is related to the proximal one. 
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SHIFT 




•1^ 




TILT TWIST 

Fig. 15 Displacement 




SHORTENING 



The following table summarizes the cardinal symptoms and signs of a fracture. 



The cardinal symptoms and signs of a fracture 



History Symptoms of the cause: Trauma 

Symptoms of the fracture: Pain - loss of function deformity 
Symptoms of the complications 

Examination Look: Skin - deformity 

Feel: Localized tenderness - sensation - pulse 
Move: Abnormaf painful movement and crepitus 
Do: Special Tests and Measurements 
ALWAYS COMPARE WITH THE NORMAL SIDE 
Think: Is there associated damage elsewhere? 



X-Rays 



Essential Requirements 



two views (A P & Lateral) 
Two Joints 



Two Limbs 
Occasional Requirements: Two Occasions 

Special X-Rays 
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CLASSIFICATION 

An y useful classification for a fractujre shfluld_belp in: 

1. Diagnosis 

2 . Selecting the method of tre atnn e nt 

3. Predicting the prognosis ^ 

Fractures could be classified into: 

1. Pathological or traumatic:; Depending on the amount of force. 
\ Simple or compound (closed, or opened) : Depending whether the fracture 
site communicates with the external environment or not. 

3. Complicated or non-complicated: Depending on the presence or absence of 
visceral, neurological or vascular problems. 

4. Special classification: In certain fractures, a more specific classification is 
jsed, eg. fractures around the hip, ankle ... etc. 
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MANAGEMENT 

i 



'Save Life 

Save the Limb 

Save Function' 
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Aims 



i 



When dealing with patients who sustain injury to one or more limbs, two aims 
should be achieved: 

General To save the patient's lif e. 

^^SmL To achieve rapid recovery of the injured part and its function. 



j]. v General care of the patient 'SaveLjfeL 



The skeletal system is a part of the body, and the discovery of a fracture nr a 
dislocation should not distract the attention frornot hgr parts anri systPm^nHho 
body. — 

A full general exam ination must be carried out, with special notice of po ssible 
associated injuries such as head, chest and abdominal injurie s. 

The general l ines of treat ment should concentrate on treating shoc k and other 
inj uries which may, if neglected, threaterj jhenatients life. (See page 194). 

II. Local ca re of the injured limb: 

l:^ a X e Jll e Jr^ b J< Th e viability of a limb could be endangered bv vas nulgr 
injury or infection. Early detection and treatment is essential tn P m UP nt in CC of the 
i njured li mb. 

^^2J^^&^s The function of a limb CQuld be endangered by local 
c omplications such as ischaemic d a mage, nerve damage, join Lsjifiaessrinfectionr 
no nunion e tc., Prevention, early deieciion ana "appropriate Treatment is essenti al 
to save the limb and its func tion. 

Methods 

All fractures should be immobilized immediately by e.g. splints before definite 
treatment is carried out. 

For the routine local care of a fracture the following steps should be undertaken: 

*\ % Reduction 

Displacement of the fragments must be corrected and redisplac ement pre- 
vented . Thi s can be achieved either bv closed manipulation~o7ope7Ti^ductio n 
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2. Immo bilization 

The fragments must be imHjobiiised until union is firm, this can be achieved b y: 
a) Plaster of Pa r is , b) traction, c) Jnternal fixatio n and d) external fixation. 

3. Soft tissue treatment 

This should not be neglected, fractures are always associated with soft tissue 
damage, and this is more obvious with direct force. 

Elevation and active exercises are necessary to help in diminishing oedema , 
; mprove venous drainage and minimize mu s cle was ting. 

4. Functional activity, and rehabilitation 

Joints and muscles which need not be immobilized should be exercised actively 
during treatment, and after healing. 
Available methods 

A form of general or local anaesthesia must be used when treating fractures 
or dislocations. 

The following are the most commonly used methods: 

A Conservative: 

1. Reduction by closed manipulation. 

2 . Immobilization by: a) Plaster of Paris a nd b) traction. 
. £■ Operative: ~ " 

1. Open reduction. 

2. Internal fixation. 

<jji ) Use of external fixator: 
An external fixator is a device aimed at stabilizing the injured site by means of 
pins which are inserted in the injured limb above and below the fracture. The pins 
are stabilized externally by rods. 
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MANAGEMENT - TECHNIQUES 

Anaesthesia 

To attempt the reduction of a fracture or a dislocation without anaesthesia is 
unfair to the patient and unfair to the surgeon. 

General anaesthesia should be employed whenever possible, but if it is consid- 
ered inadvisable for constitutional reasons, or the expertise of an anaesthetist is 
not available, other alternatives may be used. 

I. Local anaesthesia (Rarely used) 

This method implies injection of a local anaesthetic drug as e.g. 10-20 ml of 
1 % lignocaine through a long hypodermic needle, into the fracture haematoma or 
if the fracture is impacted, the local anaesthetic drug must be injected periosteally. 

Advantages 

1 . None of the dangers of general anaesthesia. 

2. Anaesthesia lasts for several hours, so remanipulation can be carried out 
if necessary. 

3. Can be done if general anaesthesia is inadvisable or an anaesthetist is 
not available. 

Disadvantages 

1 . Analgesia is not always perfect. 

2. Infection could be introduced if sterile techniques are not implemented. 

II. Regional anaesthesia 

A. Nerve blocking by depositing a local anaesthetic drug into the fascial sleeve 
of the nerve that supplies the region for which manipulation or operation is needed. 

In the upper limb, brachial plexus block is used for operation or manipulation 
of the whole limb. An elbow block i.e. injection of local anaesthetic drug around 
ulnar, median and radial nerves provides anaesthesia of the forearm and the wrist. 
A wrist block (Fig. 16) where a local anaesthetic drug is injected around ulnar, 
median and radial nerves just above the wrist, is useful for minor work on hand 
and fingers. 





Fig. 16 Wrist block 
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Step T 



Step 2 



Step 3 




Step 4 Step 5 Step 6 

Fig. 17 Intravenous local anaesthetic block of the arm 

In the lower limb, an epidural block provides anaesthesia for the whole of limb. 
-emoral and sciatic block by infiltrating a local anaesthetic drug around both 
nerves to anaesthetise the limb below the site of infiltration. Ankle block is 
achieved by infiltrating the tibial, sural, saphenous, superfacial and deep peroneal 
nerves. 

B. Intravenous block could be used for both arms and legs but it is more suited 
for the arms (Bier's block - Fig. 17). 

Sfeps 



1. A double cuffed torniquet is applied to the upper arm. 

2. A needle is inserted into a vein preferably as close to fracture as possible. 

3. The arm is then exsanguinated by elevation or the use of a bandage. 

4. The upper cuff of the torniquet is inflated. 

5. A local anaesthetic (e.g. 20-30 ml of 0.5% lignocaine) is injected. 

6. The lower cuff of torniquet is now inflated and the upper one is deflated. 

Advantages of regional anaesthesia 

1 . Can be used in patients with full stomach. 

2. Can be used in patients with head or facial injuries where general anaes- 
thesia is prone to complications. 

3. Has no side effect on respiratory of cardiovascuiar systems which is im- 
portant in old and feeble patients. 
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4. Recovery is not associated with nausea, vomiting, or headache which 
often occur following general anaesthesia. 

Disadvantages 

1 . It takes time to perform the blocks. 

2. Nerve block procedures make neurological evaluation of limb impossible 
postoperatively. 

3. Patient cooperation is necessary. 

4. If the lignocaine escapes into the circulation it can lead to cardiac arrest. 

Reduction 

~]L This is achieved either bv closed manipulati on or open reductio n. 
A careful study of X-ravs to see where th p fragments, up grid, tn assess ttlfi. dir pntinn 
Of t he force w hich caused the injury i s essential for success of manipulation and 
t o a lesser extent of open reduction. 

^. The basic manoeuvres used in closed manipulation and open reduction are: 

1 . Traction: This aimed at disimpactinq the fracture or reducing nverlg ppinr^nf 
fract ure ends. 

2. Reversal of mechanism ^LMUD^ e.g. abduction injury of the ankle is m anipu- 
late d^ by addurti nq thn nnkte. 

3. Direct pressure Jo reduce side to side shift o r tilt. 

-£- Standard of reduction and acceptable positions 

1. Anatomical reduction: This must b e achieved i n 
fra^^tuj^sinyolvi^ patienl 

to avoioMossbn^ 

VAltfQjtjhaff^^ be re durwl anatprnirally^j^mp Iaqq f 

o pposTRon anfi slight (-jpgrp^q n f nngnlntr n {less than 10 degrees) nan be accep - 
ted jn fractured shafts of long bone s. 

ALTime of reduction 

1. Frac ture associated with vascular, spin al nnrri. or prepheral nerve inju ries 
are to~b~e dealt with immediately. 

2^ Cases of compound tract! ire~miist he. dealt with as soon as possible prefe ra- 
bly within sixj jours otherwise the limb may be lost due to infection which also may 
endanger patient's life. 

3. Dislocations must be reduced as an emergency mainly to avoid pressure on 
surrounding structures and to relief pain. 

4 . Simple fractures are less urgent to deal with , it is always advisable to treat 
the~Tracture as an emergency, but if facilities do not permit urgent management, 
the fracture should be immobilized to relieve pain and gross displacement should 
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be reduced to prevent vascular and skin damage at the site of the fracture and 
distalfy. Delayed reduction can be carried out later. 

^ X-ray to check reduction 

It is essential after manipulation to take X-rays to confirm the reduction of the 
fragments, and to repeat x-ray within tew days to" detect any red is placement. In' 
certain difficult fractures, eg, supracondylar fracture of the humerus reduction 
should be done under X-ray control using the image intensifies 

Immobilization 

'Life is Movement, Movement Is Life 
Do Not Immobilize Any Joint Unnecessarily' 

Following reduction the fracture must be held (immobilized) until union. Immobili- 
zation can be achieved by plaster of Paris, traction, internal fixation and external 
fixator. 

1 , Plaster of Paris 

History of gypsum 

Gypsum which is the precursor of plaster of Paris had been so named by 
the ancient Greeks, and has been known to man for thousands of years. When 
and why plaster came to be called plaster of Paris is not known for certain, but 
one explanation relates to the accidental discovery of plaster. The story tells of a 
house in France which was burned to the ground. In the heat of the fire, the 
gypsum deposit on which the house was buiit, produced a powder which sub- 
sequently combined with water from a rainstorm to form plaster. Since the building 
had stood in the vicinity of Paris, the term 'plaster of Paris' became common 
usage. 

j/. Chemistry of plaster of Paris 

Gypsum is the precursor of piaster of Paris (P.O.P), chemically, it is known 
as calcium sulphate dihydrate. 



[ 



Gypsum + Heat = P.O.P. + Water 



% Control of setting time 

The normal setting time of a cast is about 4-5 min., this can be : 
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7 flnPPrfprf t]\f' Warm water, soft wat_e _r_a nd addition of accelerato r such as 
potassium sulphate to the water, 

2. Slnwprf fay Cold wate r, hard water and additip p nf a mtai-HAr S l ^h as 
sodium borate 'Borax'. 

-it. Types and techniques 

1. Complete cast <F\a. 18): The limb is covered with cotton wool, or stockinet 
depending on the required type, i.e. padded or unpadded. 

The surgeon holds the limb reduced, while an assistant immerses plaster of 
Paris bandages in water (preferably warm) until all air bubbles within the bandage 
disappear. The bandage will, then, be removed from the water and squeezed 
gently to expel I excess water. 

The wet bandage is then applied around the limb with gentle firmness but not 
tightly. The direction of encircling movements should be whenever possible in the 
line of force needed to reduce the fracture. 

The plaster should be smoothed and each circle should overlap about half the 
width of the previous one to make the plaster cast strong. 

While the plaster is wet, the surgeon must mould it to conform to the contour 
of the limb. 

Two rulea-gowaUba^xtent of plaste r fixation in most limb fractures^ a) immo- 
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STnts^shbtncTbe ideally i mmobilized in the following positio ns: 
Knee : 10° flexion Ankle: Neutral 
Elbow : 90° flexion Wrist : Neutral. 



2. Plaster slab: A longitudinal piece of plaster prepared to the required length 
and width by folding a dry bandage to the required size. At least 6-8 layers of 
plaster are needed in a slab to give reasonable support. The slab is immersed in 
water, then gently squeezed and applied to the required padded site. A gauze 
bandage is generally used to hold it in place. 

3. Funcpnat hratinn- The concept of functional bracing is based on the 
belief that function rather than rest is beneficial to tissue healing, and that motion 
which inevitably takes place at the fracture site during functional activity encour- 
ages osteogenesis. 

The physiological use of the limb during the reparative processes diminishes 
the need for rehabilitation following completion of healing, muscle atrophy is mini- 
mized by the patient's ability to ambulate and use all joints and musculature, and 
the need for lengthy hospitalization is reduced. 

This method is gaining popularity in the treatment of the following fractures: 
a) Tibial fractures: At the time of the initial injury an above knee casjis used 
fo r 3-4 weeks, hollowing thai a luncftonal brace (patellar tendon bearingjis used . 
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A BELOW -KNEE 

PIASTER CAST. THE 
-:.n OF THE FIBULA 
1ST 3E PROTECTED 
-- WOOL PADDING 
ttt AVOID DAMAGE TO 
THE LATERAL POPLITEAL 

ERtfE. THE FOOT IS 
-SJALLY IMMOBILISED 
S 30° TO THE LEG 




A fULL-LENGTH 
CAST IS APPLIED 
FROM T0ESTO6R01N 
THE K.NEE IS SLIGHTLY 

FLEXED TO CONTROL 
ROTATION OF THE 
LOW6R- LEG. 




PLftSTER OF PARIS 
CYLINDERS EXTENDS 
FROM ANKLE TO 
GROIN- 




HIP 3P1CA- THIS MAY BE USED 
M TREATMENT OF SOME INJURIES 
OF THE THI6U AND HIP. 






COLLES' CAST. THE CAST EXTENDS FROM THE 
KNUCKLES TO THE ELBOW- SPACE MUST BE ALLOWED 
TO PERMIT FLEXION OF THE METACAR.POPHA 
LA.WGEAI JOINTS OF THE FINGERS AND THUMB. 



A FULL-ARM OR ABOVE ELBOW CAST TH 
ELSOW IS IMKAOB1LISED AT RIGHT AW&LES 



Fig. 18 Common types of full plaster casts 
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b) Femoral fractures: The fracture is initially treated h V tract ion to overcome 
the shortening. 5 -6 weekslater a functional h race ( femoral cast brac e) with hinges 
to allow knee movement is used . 

c) Humeral fractures: A function al ' sleeve' for humeral shaft fracture§js_a_p- 
pliarnisi tally 1-p wg^rfHllnwinri thfr inifjaj immobiliz ation . 

^L Complications of plaster casts 

^^ascujar^cclusion of the circulation leading t o gangrene or Volkman 's 
i schaemic contracture. 

i^l!!SmiSlSSiii^L Nerve palsies d ue to pressure e.g. common peroneal nerve 
may fcepressedagainst the head of fibula by the cast, leading to a drop foot. 

,, 3. Skin: a) Pressure sores, often signalled by localized pain, staining of the 
cast or a foul smell, b) skin blistering and c) purulent dermatitis, which can occur 
if the plaster is applied directly to the skin - " 

^jOcoasionallv^ some patients in a hip spina nr planter jacket may develop 
paralyticleus ^ 

Jt Advantages of plaster of Paris 

1 . Cheap and easily available. 

2. Versatile and readily applied and fashioned. 

3. Reasonably comfortable. 

4. Fairly strong. 

5. Radio translucent. 

yjL Disadvantages of plaster of Paris 

1. Stiffness of i mmobilized joints. 

2. unyielding, so it may cause pres sure problems. 

3r The limb cannot oe inspected a nd so trouble may be concealed. 
^TlsTigrwaTefpToot except in specia lly treated types, 

0. Piwidus Mitpitfcise'qfla astnecasTisseDaraTenfrnm the fracture by muscles 
ana son tissues. 

V. Indications for immediate splitting or removal of cast 

1. Swelling of toes or fingers: If there are no signs of acute ischaemia, the 
limb should be elevated and active movements encouraged, if swelling does not 
subside, splitting of the cast is indicated. 

2. Sy mptoms andlor signs of isc haRmia: a) Spontaneous pain which in- 
cr eases wlih passive aorsitiexion of toes and fingers, b ) impairme nt of capillary 
circulation, c) paresthes ia, d) diminished heat in ski n of "toes or fingers ancTe) 
change in skin colour ot toe's, or fingers. 
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nstruction to patients 

1 . If the fingers or toes become swollen, blue, painful or stiff, raisathe lim b and 
■ove toes or fingers. 



2. If no improvement in half an hour return to hospital immediately. 
.3. If (2) is im po ssible remove plaster with knife, scissors or saw: so akin g i n 



iter helps to soften the .cast. 



i 



4. Exercise all joints not included in the cast. 



)e 



5. If the cast becomes loose or y cracked report to hospital. 

-action 

Traction has many uses in orthopaedics, this section will deal basically with 
-action in trauma,- the following are the general indications: 

M J Indications in trauma:/ ' - ' 

• Fractures of upper limb : ex}, fractured neck of humerus is treated by 
gravity . 

g.i Fractures of lower lijnb: e.g. femoral shaft fractures can be treated by skin 
or skeletal traction. 

• ^ractUfesitttlie SPinft: . e.^ ungtahlP frartnrp Qf thP r r prY'^al fipinPRhmi Id 

:e treated by skull traction. 

"" ^ Practure.s pj iFJe^peLvJ^rid acetabukifp can be treated by skin or skeletal 

:raction. , „ „ »■-• "'-' ' m ' 

■ — ■ i ;■ ' 

[ 2 j .Jlndications in orthopaedic diseases: 

• Hip conditions;. 

a) Congenital dislocation of the hip fC.D.H. ) traction is used to stretch the 
muscles and so bring the head down prior to definitive treatment. 

b) Irritable hip : Traction is used to rest the joint and so relieve pain. 

_c) Perthes' disease: Traction is used during the active painful attack to rest 
the joint. 

d) Pyogenic arthritis: Traction is used to rest the hip during the course of 
definitive treatment, 

^^gin^^onditions: Traction is used in some cases o f prolapsed interver- 
te braHliscM oenforcemsR) n the patient and possibly to relieve spinal pressure. 
•Jn some cases of o^eomyelitis and pyogenic arthritis traction is used to 
rest the diseased limb when^^lasterTa^nsno^wtsabla^ 



I Principles of traction 

The overriding which occurs following fractures of long bone is produced by 
contraction of the surrounding muscles, this tendency is greater when: 

1. The muscles are powerful as in the thigh. 

2. When the fracture is mechanically unstable because the fragments are 
not in opposition or the fracture line is oblique. 
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3. When the fracture is imperfectly immobiiized so that there is pain and 
therefore muscle spasm. 

Traction _is_a imftd at_ relieving the muscle spasm and accordingly re duces 
ajderiatL- 

The following three important principles should be recognized: 

1 . The limb must be su pported and stretche d in such a direction as t o align 
t he bone fra gmfints within it In practice, traction is exerted on the distal fragment, 
aligning it with the less manageable proximal fragment, rather than vice versa. 

2. The extremity must not be overstretche d, thereby causing excessive dis- 
tractiorTot the bone fragments. 

3. The stretching forces must remain constant in amount and direc tion with 
respect to each other until the broken bones unite. 



* 



Methods of fraction 



Skin traction (F ig. 19) 



Skin traction is achieved by attaching various types of adhesive strips over 
l arge areas of an extremity withstands about 5 kg ofpUD f nr ah mit Ajft*aaks hefnm 
slipping . This form of traction is particularly suitable fo r y ounger children, because 
of their fast healing time and the ngnt torces required for reduction andimmobili- 
zation. Furthermore, it presents no hazard of bone infection or damaqe_ to_the 
epiphyseal growth apparatus . On the other hand, most young patients and some 
older ones exhibit an unfortunate tF>ndfti-)r.y tn disarra nge .the elas tic bandage and 




Fig. 19 Skin traction 
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:o tunnel with their fingers under the traction tape. Skin traction cannot be used 



ea sily to control rotation. It cannot withstand the magnitude ana aur ati 
" aquently required, and it should not be used over injur ed skin 

2. Skeletal traction 




_Skeletal traction, achieved by insertina_ aJiie^-de¥te&^ifectlv-jf^d g ffi# bone, 
wit hstands very high forces for profonged per iods of time and is therefore, the 
most reliable means of securing an effecti ve traction for ce. Various types of hooks, 
ongs, screws, pins and wires have been used for this purpose. In most cases 
e ther a Kirschner wire or a Steinmann pin is eminently satisfactory. Of these two, 
'3 Kirschner wire, with its smaller diameter, makes a smaller wound and causes 
ess discomfort to the patient. 

The duration of use of these devices may be limited by the development of* 
sepsis in the tract through the bone. Such anjnf ectjon usuallly subsides spontane- 
ously upon removal of the wire. Rarely it may not subside and may prove trouble- 
some, particularly in children, in whom if may involve the nearby epiphyseal plate 
and provoke a local growth disturbance. 

Pain at the traction s ite beyond a few days after applica tion is u sually an indi- 
cation jhat ftithftr the mis a pin tmntiopjj^^tin^QrTfe wirp ia not aciu.aUyjh.the_ 
oonea nd is therefore pulling on soft tissue. The latter circumstance is usually 
caused 1 bylncorrect initial insertion of the wire. It is exceedingly uncommon for a 
Droperly placed traction wire to migrate in bone. 

The most commonly used site^ for pin insertion are: 
A. Upper tibia ( Fig. ^^AjsiDJsJDserisdJaeS^Dti 
an d pelvic i njuries- 



ftod 




a. Preferred site for insertion of pin b. Skeletal traction for fracture femur 

Fig. 20 Skeletal traction through upper tibia 
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B. Calcaneum ( Fig. 21): A pin is inserted through calcaneum for ankle and 
l eg injuries. - 




LATERAL 
MALLEOLUS 



MEDIAL 
MALLEOLUS 



a. Preferred site for insertion of pin b. Skeletal traction for fracture of the tibia 

Fig. 21 Skeletal traction throuoh calcaneum 



C. Femoral condyles (F ig. 22): A pin throug h femoral mndylfls_is..tisftrt snmp- 
times as an alternative to the upper tibia. 





a. Preferred site for insertion of pin b. Skeletal traction for fracture of the femur 

Fig. 22 Skeletal traction through femoral condyle 

P. Skull ( Fig. 23): In the presence of an unstable fracture or dislocation of 
the cervical sgi nejm mediate immobilization of the neck is mandatory. Special 
tongs appliedto the long axis of the cervical spine, as indicated by the mastoid 
processes, are usually used. 
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:iim, -I-.I-. ■■..—•■-■ 




Fig. 23 Skull traction for cervical injury 



E. Oiecranon ( Fig. 24): A pin through the olecranon is used_so rnetim es in 
the management of* difficult supracongylar fracture" 




"T 



ICWl 





a. Preferred site for insertion of pin b. Skeletal traction for supracondylar fracture 

Ffg. 24 Skeletal traction through the olecranon. 
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3. Traction by gravity ( Fig. 25) 

This is basically used for upper limb 
injuries e.g. a fracture neck of th e 
humerus is treated by a collar and nnff 
so the weight of the limb provides con- 
tinuous traction. 




■^Mechanics of traction 



Fig. 25 Traction by gravity 



Traction must always be opposed by countertraction. 

1. Fixed traction (Fig. 26): Traction is exerted against a fixed point The 
tapes are tiea to the cross piece ofthe splint and the leg Ispulled down until the 
root of the limb abuts against the ring of the splint. 







K= 



rafcfeSwaM^jjsS? 



Fig. 26 Fixed traction 



2. Balanced tmctinn fHn 27): The pull is exerted anains t an opposing face 
provided by the weight of the body, (a) The cords are passed directly over a pulley 
aTThe foot of the bed to a weight, and for counter traction, the foot of the bed is 
elevated, (b) Gallows traction. 





.^ii^_ ■»£- 



a. Balanced traction using weights 

Fig. 27 Balanced traction 



CHIID5 BUTTOCK MUST BE HEAR OF THE RED 

b. Gallows traction 
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iM£ombined tractior% A Thomas splint which is named after Hugh Owen 
"nomas (1834-1891. Orthopaedic surgeon, Liverpool) is used. The tapes are tied 
to the end of the splint, the counter-thrust in the region of the ischium is reduced 
by: (a) Fixing the lower end of the splint to the foot of the bed which is raised and 

b) attaching a weight to the end of the splint. 

Suspending the splint with weights will allow the patient to raise himself in bed 
and to move with freedom without disturbing the position of the fractured bone. 
Suspension can be used with all the above mentioned tractions. 




90-90 TRACTION SKELETAL TRACTION ON BGHLER-BRAUN FRAME 

Fig. 28 Types of traction in common use 



on 
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_^. Complications of traction 

fr fomplioations related ft the W | n ep;- ^J lltf i* 

a. Skin tmcjion- Skin ulceratio n and slouahinn Hmp to strapping . tflMIIW ' 

2. Complicatinns rp|pt H to the amount ot tractmr r gL " 

a If traction teexcessive, distraction at fracture-site nrrnr* which may lead 
t o delayed or nonunion. ,a y~iszsau 

. "- If traction fr not arleg i late ^overriding at the fracture sit e occurs which may 
l ead to shortening of the lim b y 

or internal SSUL 12^ 7T?* 9 | h e ^^ Of tmrtinn if there is externa l 
SI r^»yf^i/1 W 'ordinal fnrca the fracture will heal with 



rotation 

;?. internal Fixation 



Although attempts at surgical fixation of fractures had been made before the 
20th century, this did not become popular until the beginning of this century Now 
it is the accepted treatment for certain fractures and in certain conditions 

Many achievements in the field of internal fixation have been made by the' 
Association for the Study of Internal Fixation/Arbeitsgemeinschaft fur Osteosyn- 
theseverfahren (ASIF/AO). Their methods and techniques are w,de!y used at 

* ^Stobt method is the r3 pid " y of the iniured ,imb wh ^ h 

a. Anatomical reduction of the fracture fragments particularly in joint fractures 
p. atapie internal ftxation designed to fulfill the local biomechanics demands 
preservation oFTne-pTood supply to the bone fragments and the soft tissue 
by means of atraumatic surgery. 

d. E arly active painfree mobilization of mns rles a n H jnin H adjacent to the 

t la. ci u r<B y "*-" 

■Jt indications for internal fixation 

M~ which ^ nnot be reri ™ np ri/nr m3in " inpH rpH - H r- stem 

and olcmnon' 63 ^ t0 ^^ ""*** *"*" g " rh l1n fraf *""^ " f ^ ^ n 



b. Fractures with soft tissue interposition ^^h^f^, , n rnedialmatleoius 

c. intra articular fracture" ' — 

^d^m e unreauced and neglected fractures. 

. f y^mpfateTTTraciures: Maior vascular i^plure in association with a fracture 
s an mo.cation tor internal fixation, since arterial repair in the presence of a mobile 
fracture is useless. 
fijMultiple fractures: It is common for the tibia and the femur to be broken on 



^ 
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-5 same side. Internal fixation of one or both is indicated so as to make nursing 
:=r^easier. . 

i 4 /f radtures in which conservative methods are inadvi§ Jy^such as fractured 
-ecR" femur which usually occur in old people, in whom if conservative methods 
a-eused general and local complications are likely to occur. 

^S yPathological fractures^ Internal fixation is indicated in long bone pathological 
; 'acture so as to achieve early mobilization and shorter hospitalization in a patient 
■•• ith a short life expectancy, prophylactic internal fixation of a long bone with a 
metastasis which is likejy to fracture is also used. 

V 

Implants in common use 
i M| 

In the 1 earliest years of this century, the metals used were unsatisfactory in that 
:ney were unable to withstand the effects of implantation in electrolytically active 
: ssues. The electrolytic reaction produced by these metals produced necrosis of 
:one around the screws with sterile abscess formation or screw loosening. 

Stainless steel, vitalium and titanium are resistant to corrosion. These metals 
are the most commonly used at present. 



^ Complication of internal fixation 

I 

1. Infection: Metal does not cause infection, but may encourage the persistence 

of infection. 

2. Implant failure : Metal implants may not be strong enough to resist local 
sending forces, and fatigue fractures of plate and screws may occur. 

^Jftefractures after implantjreiflfj^ah Most refractures result from premature or 
mproper implant removal, for that reason implants should never be removed 
nefore the bone has become radiologically consolidated. 



V Implants in common use 

Screws: 

Cancellous screws (Fig. 29 a & b): 



Classically used in epiphyseal and 
metaphyseal areas. 



ft*. i *■) 



ft 
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Fig. 29 Cancelious screws 
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Malleolar screws (Fig. 30 a & b): 
Classically used in medial and lateral 
malleolar fractures. 





Fig. 30 Malleolar screws 



Cortical screws (F ig. 31 a & b): Clas- 
sically used for fixation of plates to 



Intra medullary nails 'Kuntscher najjl 
(hy. SA a & b) (Gerhard Kuntscher~ 
1900-1972, orthopaedic surgeon, Kiel) 
The nail is trefoil in section which allows 
it to be compressed by the cortex of the 
bone. Classically this n ail is used to 
treat middle third transverse femoral 




Fig. 31 Cortical screws 







a 

Fig. 32 Kuntsher nail 
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Rush nail: ( Fig. 33 a & b) (L.V. Rush, 
orthopaedic surgeon, Meridian, Missis- ^ 
s.ppi.) This naif is malleable and 
achieves fixation by three point fixation 
against,, cortical bone. Occasionally <a 
used to treat fractures of the ulna. 




Fig. 33 Rush nail 



Standard plates (Fig. 34): 

1. Straight plates: 
a._ Round holej plate__ 

b. dynamic compression _plat e 
(D.C.P.) which is a self compressing 

plate. 

acial plates: 

c. buttress plates for the tibial 

plate. 

3. Analed plates^ 
^csod^Iai-pJate 

d i- n v n flrnifi Hin ■, i Kr r 'r w ? fFin 35 > : 

P^re^orm^^M^JQuraBiMieci neck 
femur. 

K-wires: Are simple to use least traumatizing 
and can be used to transfix the fractures 
percutaneously in children or adults. 



A 



Vaairth&jAaatoh ■■ amttimmm - - rJ 

(SEgar 7 : -after 1 ) 




Fig. 34 Standard plates 



Fig. 35 Dynamic Hip Screw (DHS) 
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Removal of implants, timing and safeguards: 

The implants should be removed because the bone under an implant may 
never become biomechanically normal. The exceptions to this rule are implants 
in non-weight-bearing bones, particularly the humerus as well as implants in el- 
derly patients. The minimal removal time for the combination of screws and plates 
from diaphyses is as follows: Tibia 1 year, femur 2 years, forearm and humerus 
1 .5 to 2 years, intra-medullary nails should not be removed under 2 years, single 
screws can be removed from metaphyseal areas after 3-6 months. 

Following removal of the implant the diaphysis loses 50% of its torsional resis- 
tance, the exact duration for this reduction in strength in man is unknown, it is 
recommended to allow the normal use of the limb but not any athletic activities 
for the first 3-4 months after metal removal. 

4. -External Fixator 

-Y- The aim is to provide fixation of the fracture and to keep the |jm h am^nahio w 
d ressings, skin grafting ... etc. 

Basically, the idea of external fixators is simple . Most appliances in common 
use, depen d on 2-3 transfixing pins abo ve ^pri P-3 pin ? ^ O | 0W th* fracluce site 
The pcefrtrdtncj ends are connected with rods with a device which can g ive com- 
p ression, distraction or neutralization forces . 

Compression is used for stable frartures~ nflutrali7atinn is ap plied frpgnontiy for 
un stable fractures, while distraction is used in cav a? nf pons Icss'tn maintain 
lengths 

T hree types of devices are available, unilateral bilateral and circular (Fig. 36). 





Unilateral device 



Bilateral device 



Fig. 35 External fixators 




Circular device 
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4- Indications in trauma 

1 Severe open fractures with extensive skin, subcutaneous and mus cle 
damage. 

2. Highly comminuted closed fractures. 
3~TnfecTea nonunion . 
4. Arthrodesis. 
B. 'Secondary: 

"^ r^BcTure stabilization to protect arterial or nerve anastom osis. 
~ 2. Cross le g^KiD_g£alL^ 

,- Complications 

There are three major types of complications associated with the use of external 
fixators: 

A. Complications related to the frame: 
J5kin necrosis : 

This may occur if the side bars of the frame are placed too close to the skin 
and do not leave enough room to allow for the swelling that often occurs around 
the pin sites. This complication is unusual and can be avoided. 

B. Complications related to the pins: 

These are most common and careful attention to detail should help to avoid 
them. 

1. Pin traclin leclian. 

2. Pin loosenin g which is often a result of infection. 

3. Damage to nerv es_o_LJ^essels. 

4. Fractur e at pjn_s ite . 
R, Pin hmakagfl 

C,. Delay in fracture healing. 
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OPEN FRACTURES 

An open fracture (compound fracture) is a fracture in which the fracture site 
_ communicates with the external environment. 

The management of a compound frar-tnro j s always Rn f>rTmrqftr|Qy pr \ r \ should 
be carried out as soon as possible. All compound fractures must be considered 
contaminated (presence of organismrTTrtrre-wrjr^ is delayed or 

inadequate, multiplication of the organisms occurs leading to infection. 

The Management of Patients 

JjjjG&nera^catv 

The aim is to save the patient's life. The patient should be resuscitated 
whenever it is necessary. 

An antibiotic directed against staphylococci which are the most common infect- 
ing organism (Flucloxa cillin, Ce phalo sporin . ..) should be started. Antibiotics 
should not be a^substitute for a meticulous surgical technique. 

Prophylaxis «qflin gt Totannc f^ QQ p a g e 43), 

^U>ca^are 

JjiejaijT Ms to save the limb and save function . The goals of the operative 
procedures~should oe removaTofall contaminated and devitalized tissues. 

Steps of operative procedures 

1. Clean 

Under anaesthesia and strictjas eptic technique, the fracture site is covered 
with sterile gauze, then llie skin is shavetfrand the limb is cleaned thoroughly 
using an antiseptic solution such as 'Betadiene'. 

, 2. Irrigate 

Next the fracture site is irrigated with water or normal saline to flush the 
contaminants from the skin and from the depth of the fracture. 

3. Debride/excise the wound 

UleTmyJ^ ^nSe^neanslo unleash a tig ht structure, in practical terms 
debridement of jh^wound means excising the edge of skin ,., fascia jand-dead. 
muscles. " 




jyiajTiinate the bone 
The bone is decontaminated by removing dirt from the bone ends using a 
_cureita-aodavoiding bone excision if at all possible. 
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Pri mary wnuncn!l^LU£ j&^^pr4e€^afett- 

a. wounds over six hQur-S_oid. 

Tigh velocity missile injuries. __ _ 

c. highly contaminated wounds. 

d . if closure causes tension of skin ec^, 
in these caseCthewoundshould be left and secondary wound closure is 

rarried out later. 

Primary suturing of damaged nerves and tendons associated with a com- 
sound fracture is indicated in clean cases within six hours of injury and when the 
ends do not need extensive dissection to bring them together. 



6. Immobilize 

Imrhbbifization of the fracture, in most oases, can bs achieved by a plaster 
cast e5T5e ciaTlv"in fracturesof the forearm. In certain other sites, if a plaster cast 
is riot advisable or practicable, skeletal traction or an external fixator can be used. 



3° Fractures and dislocations 

REPAIR OF FRACTURE 




Repair of a fracture is primarily a local function of the tissues involved But 
some factors such as: Patients age, line of the fracture, the presence of systemic 
or local diseases, may affect the rate and effectiveness of the repair process 
significantly. 

Fracture Repair 

A. Stages in fracturempawvtim&ut rigid jixation 
hematoma formatipn ( ( Fiq. 37-1) 

Following injury, jTej^js_avari able amount of bleeding from torn vessels, if 
p eriosteum is torn, this blood may extendlrito the surrounding muscles 

Stage_LQrraumatic inflammation (F ig. 37-11) 

Tissue damage excites an inflammatory res ponse and exudate will add 
more fibrin to the clot already present. 

. Ih§I§_ jyiH be mcreased biood flow and polymorphonuclear [eu cocytic 
infiltrati pn " } 

Stage ill.) Demolition ( Fig . , 37- 1 1 1 ) 

ln th ' s sta 9e. macrophages in vade the clot and remove the fibrin, re d, cells 
in flarriatory ex ua aie ana qebhs 1 Afiy bonetragment which is detecliedfrom its 
blOud suppiy arid undefrgosmecrosis will be attacked by macrophages and 
osteoclasts. 

Stpge IV.yprmation of granulation tissue (Fig. 37-IV) 

After stage of demolition, there is an ingrowth of capillary loops and mese n- 
chymal cells derived from the periosteum and thP endnote, ,m f cancellous 
jxine. T hese will form granulation tissue. 




foven bone ano^cartilaae formatio r ^ (F\c\ 37-V) 

The mesenchymal osteoblasts differentiate to form either woven bo ne or 
cartffageT" " " 

in T HIS st a g e-g -ither woven bone or cartilage or both might form, they are 
merely methods of temporarily uniting bone ends with calcified material -callus 
(external, intermedial and external) "* 
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itage VI. Formation of lamellar borjfo (F\Q. 37-VI) 

The woven bone or cartilage formed acts as a scaffold on which fina! adult 

amellar bone can be built, this starts by invasion of the dead calcified cartilage 

or woven bone by capillaries head ed by osteoclasts, wmcn win remo~ve~the 

nitial callus, while osteoblasts lay down osteoid wTilctrcalcifies to form bone, 

•vith its collagen fibres arranged in orderly lamellar fashion. 



Stage Wfy Remodelling (Fig. 37-VIII) 

The final process in repair of a fracture is achieved by continued osteocla stic 
re moval and osteoblastic la ying down of bone. 

The external callus is slowly removed , t hTimermediaAa xaUuaJbecomes con- 
verted into compact bone while the internal callus is hollow ed out into a narrow 
cavity in whic h only few spicules of cancellous bone remain." 



In the presence of rigid fixation the bone heals by primary vascular bone 
■ : r mation , healing occurs between the bone en o£jiMlJ3Qut4he4er-^ 
ntemal callus. 
In this type oThealing, active haversian remolding occurs across "he fracture 
= te. 

Time factor 

Generally speaking, to estimate the time for the union of fractures, Perkin's 
formula is a useful guide. Union is defined as incomplete repair (the callus is 
calcified but still tender). Consolidation is complete repair (the calcified callus is 
ossified and the fracture site not tender and can withstand stress). 



Expected time in weeks 



For union 


For consolidation 


Upper limb 

Spiral 3 
Transverse 6 

Lower limb 
Spiral 6 
Transverse 12 


6 

12 

12 

24 



N.B.: In children half of this time is needed. 
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iiAin 



HAEMATOMA FORMATION 









DEM U ^UTraN NFLAM4TI ° N AM ° GRANULW, °N 'TISSUE FORMATION 




VI 




VII 



?SS AND CART »LAGE LAMELLAR BONE FORMATION 




FORMATION 



REMODELLING 



Fig. 37 Stages in fracture repair without rigid fixat 



ion 
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General 


Local 


-mediate 

"II K) 


1 . Shock 

2. Crush syndrome 

3. Associated injury to 


1. 


Skin: Loss 


2. 
3. 


Vascular: Gangrene 
Nerve damage. 


important internal organs. 




Early . , 


1 , Deep venous thrombosis 


1. 


Skin 


'2. Pulmonary embolism 


2. 


Fracture blisters 


3. Fat embolism 


Plaster sores. 


4. Tetanus 

K Gas gangrene 


Vascular 


4. 


Volkman's ischaemia. 


6. Hypostatic pneumonia 


Compartment syndrome? 


7. Bed sores 


Merw r,nmpr«ssinn 






Muscle and tendon 
Torn fibres-fibrosis. 
Tendon rupture 
Disuse atrophy. 


Late , . 


1 . Accident neuroses 


1. 


Bone 


mm) 


'compensation' 


2. 


Delayed-unioji 
Nonunion 
Ma'union 

Avuscular neorosis 
Joint 


3. 


SMoess- 
instability 
Contracture 

Post traumatic osteo- 

arthjiQSJs 
Others 




Late tendon rupture 
Late neuritis 


Shock: (Set 
£frush Sync 

Crush 


) page 1 93) 
irome 

synarome mav occur if a large 


- 
bulk of muscle is crushed or if a 


tourniquet h 
When 
to the kidne 


as been left on too long, 
compression is released, acid myor 
y and blocks the tubules, Fig. 38. 


laematin is released into circulation 
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CIRCULATION 



TOURNIQUET 



"SLOCKED TUHULES" 

ACUTE RENAL FAILURE 



Fig. 38 Crush syndrome 



Clinical picture 



- General Shnrk 

- Local: Limb is pulseless, later b ecomes red, swollen and blistered w ith | 0SS 
of sensation- and muscle po wer""- ~ " "" --? 

'- hdney: unguria - acute renal failur e. 

Treatment 

A. Preventive. Amputate a severely crushed limb when presented after 6 ho urs 
Bjnanestahlisrjftn mif amputation is valuel ess, treatment is nfinoraiiyTh pt 
of shock and acute_ren_a!_failure. y m 

Fat Embolism 

i *k Th ' S ' S u a significant (ife threatening complication usually of multiple fractures 
n the past this phenomenon was considered to be caused by numerous fat drop- 
lets from the fracture acting as emboli. However the basic problem' is now recog- 
nized to be respiratory insufficiency as a sequel to injury and shock. 

Diagnosis 

A. Signs and symptoms 

«i - 

1. Change in mental state: agitation, confusion, headache and iater on 
stupor progressing to coma. 

2. Precordial pain. 

3. Petechiae in buccal membrane, conjunctiva and over the skin of the neck 
dnu cnssi. 

4. Tachycardia, tachypnoea and pyrexia. 

5. Pulmonary oedema. 
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5 Laboratory findings 

1 . P0 2 level is below normal 

2. Presence of fat in urine, sputum. 

'aatment 

A, Prophylaxis 

1. Gentle handling of fractured limbs with effective fracture immobilization. 

2. Prompt and effective treatment of shock. 

3. To keep the possibility of fat embolism in mind and detect the early 
i.Tiptoms and signs if it occurs. 

B. Treatment of established case 

1 . Oxygen: Attempt to maintain P0 2 over 60 mm. Oxygen can be introduced 
Dy a mask in mild cases while in severe cases intubation and ventilation may be 

rquired. 

2. Maintain fluid balance. 

3. Sedation. 

4. Supportive measures such as steroids and diuretics to help reduce pulmo- 
nary oedema. 

Tetanus 

' This severe disease is caused by the anaerobic spore-bearing rod shaped 

Clostridia tetani'. The organisms do not destroy iocal tissue., but develop fierce 

exotoxins which reach the anterior horn cells where they have a stimulant effect, 

producing spasm of some or all of the patient's muscles. The incubation period is 

8 days but may range from 1 to 30 days. 

Clinical picture 

A stiff neck, dysphagia or trismus may be the first signs, and the condition can 
eventually result in opisthotonos and respiratory arrest. The patient may dte from 
respiratory arrest, heart failure due to exhaustion, or if enough food cannot be 
given to compensate for the raised metabolic rate caused by the clonic spasms. 

Prophylaxis 

A For a previously immunised patient. 

1. Remove all devitalised tissue. 

2. Give a toxoid booster. 
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B. For the unimmunised patient. 

The paramount step to be taken in any wound which is at risk from tetanus 

^zT^r n6 mus : be washed thoroughi * and a " ^ 2-S 

Antibiotics are best given systemically, and a long and short actinq preparation of 
pemc.in « given. If wound is neglected, human anti-tetanus serum ma oe g ten 

A survivor from an attack of tetanus is not immune from a further attack so 
these patients should have a booster every five years. 

Treatment of an established case 

1. Tetanus antitoxins intravenously (Human antitetanus serum) 

niuLn SPaSmS mUSt be Stopped " Kee P the P atien * i" a dark quite room and 
SS:":?' D " T ^ocurarine in severe cases, sufflient cu'ar sa 

^:^^^zr st e respiration ' and intermittent posmve pres - 

Nutrition either intravenously or via a nasogastric tube 
Antibiotics and sedation. 



3. 
4. 



Gas Gangrene 

Gas gangrene is among the most lethal infections in man it is due to ohp nr 
more of several types of anaerobic gas-forming, sporebearing ostridla (CI Wei 
ch^a Septicum and CI. Oedematiens.) The incubation period is one^o tn^ee 

Clinical picture (Fig. 39 & 40) 

surged tvZlLTTt'" traUma,iC 9aS 9an9rene ' which is ? aWl " ** a "° 

m Wis at w!l£ T " 9U ' n ° US diSCharQe S00n con,ains b,jbbl ^. and 
ne smeH is at first unpleasantly sweet, but before long the typical stench do 

ve fops. Gas infiltrating muscle layers can be felt as crepitation and te ^presence 

may be seen on X-ray. When the disease is fully developed the natiert is nrav^ 

.11 with tachycardia pyrexia, anaemia, leukocytosis and 55* 9 * 

h„1T e l' 0,ed ,hal 9aS oan also be Produced by other organisms such as 
Clostridia cellulrtis streptococcus, but in these cases there is no severe to^r 

Prophylaxis 

tive Th r t h S at n0 eV L d ! nCe ,h f P ° lyValent an,i " 9as 9 anarene se ™™ has been effec- 

exnio ed'horouohlv^, 6r W0Un f in 9 is ^ «** The wound should be 
explored thoroughly, all foreign material, dead and damaged tissue must bn ro 

moved following radical wound toilet, i, is vita, to give penicillin and «n7n 
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LIMB IS SWOLLEN, 




AND HOT. CREPITUS 




MAY BE FELT. 


UJ 




5 







130 
120 

110 

ioo Y 

\f 
40 l 

33* 

m- 

37' 



*\*%t 



ON" SET 
OF PAIN 



Fig. 39 Locai signs 



Fig. 40 Pulse and temperature 



Treatment 

In an established case, operative treatment is urgently needed, swabs must be 
aken from the wound for urgent identification of the organisms and their antibiotic 
irnsitivities. The wound is extended widely to examine dead and diseased tissue, 
and to open up ail affected planes to allow evacuation of pus and gas. Areas of 
muscle, fat and devitalized bone are removed. In advanced cases, especially if 
•iey have arrived late, amputation may be life-saving. Blood transfusion will be 
'equired. 

Large doses of penicillin should be given intramuscularly. 

In the severely toxic patient who may still have anaerobic infection present, or 
- "ere there is evidence of septicaemic, treatment with hyper-baric oxygen must 
be considered. 



Vascular Injuries Associated with Fractures See page 218. 
Peripheral Nerve Injuries Associated with Fractures See page 199. 




elayed Union and Nonunion 



£ Delayed union is bo ne re pair in which the process al though slower than ..aver- 
age, is still active, the fracture site is tender. I n nonunion, the reparativ e^PrQ.C.ess 
ftas stoppe d and union is not possible without interven tio n, the f racture site shows 
painless abrWrnaTTn^ve^rnent 
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OFT TISSUE INTERPOSITION 




OSIT/ON OF REDUCTION 




OCATION 



NFECTiON 





UTRITION 



UMOR AND PATHOLOGY 



» 



MEDIAL 
MALLEOLUS 



TOO MUCH GAR OVER- 
0ESTRACTI0NOR BONE LOSS 




POOR BLOOD SUPPLY 




INFECTED COMPOUND 
FRACTURE 




MALNUTRITION 
OSTOMAL&CIA 



FOR A FRACTURE YOU 
NEED A SPLINT 












Fig- 41 Causes of 



nonunion 



/ Principles 47 

ses of nonunion 

■ Local causes (F ig, 41). 

_ Soft tissue Interposition. 

2. Poor b lood supply. 

3. Infecti on of the fracture. 

4. Inadequate immob ilization. 
p"T)verdistraction of the TracH ite. 

6. Tumours and some patholo gical fracture 

z 3eneral causes 
( Nutritional, bone diseases and oid age). 
".res of nonunion and their management (Fig. 42) 

- "vnfirtrrr - mms^ 

- s is characterized on X-ray by a florid bone reaction. The bone ends have 
--■:-. ient blood supply 'elephant foot type or horse hopfjype'. 
- ; pertrophic nonunion mostly occurs with conservative fracture treatment. This 
:r of nonunion has the, be§I prognosis, 
"-eatment of this type is rigid immnhi^atinn nf the fracture. 

B. Atrophic - avascular 

This type is characterized radiologically by abscence of bone reaction, 

•: erosed smooth bone ends and clear fracture line. 
-or treatment of this type, jigidJotoCDalJusation with extensive decortication 
; bone grafting is essential. Osteogenesis Gan also be stimulated by 

■- ectricity directly by the use of percutaneous electrodes or indirectly through 

-. ectromagnetic field. 

C. Infected nonunion 

This type carries the worst n/ogposis, twn problems must be dealt with: 
s Infection, b. Nonunion. 

The treatment of this type should concentrate firstly at achievin g consolidation 
and secondly eradication of infection by excission of diseased are a, antibiotics', 
stable fixation and stimulation of osteogenesis byj2QQfi_giatt or llizarov method 
or electric stimulation. 

fiizarov method for treatment of nonunion 

Special apparatus is used to provide stable immobilization, stimulation of 
osteogenesis is also achieved by applying compression and/or distraction to the 
fibrous nonunion without the need for bone graft. If union fails grafting is done 
through minimal surgery. 
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B 



; :4 

( V--., 
pi 



Mi 

; -^ 

if 



ATROPHIC 
NON-UNION 




HYPERTROPHIC 
MOM- UNION 
(ELEPHANT FOOT) 



RIGID FIXATION 
+ BONE GRAFT 




RIGID FIXATION 




INFECTED 
NON-UNION 




EXCISION OF 

P1SEASED 
AREA 
4- RIGID 

FIXATION 

TBONE 

GRAFT 



Fig. 42 Types and management of nonunion 



The apparatus is useful in the management of infected nonunion as it allows 
more aggressive excision of the diseased part while concomitantly can restore 
length to make for the gap by bone transport. 



"3IU 



I Principles 



49 



iunion {Fig. 43) 



r --per management of fractures shouid 
■ "cipate and prevent most residual 
:r-'ormities. 

In some instance, deformities are 
_" avoidable, this is particularly true af- 
- crushing injuries to epiphyseal plar 
-s or fractures with extensive bone 
;ss. 



VJ 




Fig. 43 Malunited fracture 



When the deformity interferes with the function of the limb or is cosmetically 
"acceptable, surgical correction is indicated. 



[vascular Necrosis (Fig. 44) 



Avascular necrosis of bone implies death of bone resulting from impairment or 
::al loss of its blood supply. It. shows oh X-rays as Increased density and sclerosis 

:-' the affected bone. 



joint Stiffness 

Limited movement of a joint, is one of the commonest complications of a frac- 
:jre or a dislocation. 




: RACTU(i.ED N£CK OF FEMUK 





Fig. 44 Common sites of avascular necrosis 
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Causes 

1. Intracapsular adhesions. 

2. Adhesions of muscles to capsule or bone. 

3. Myositis ossificans traumatica (Fig. 45) 

Myositis ossificans can occur anywhere in the body, the elbow and the 
knee are the commonest regions affected, the thigh, shoulder and hip may be 
affected but to a lesser extent. The name of myositis ossificans is a misnomer, 
the condition is not an inflammatory reaction and it is the connective tissues which 
ossifies, not the muscles. 



Clinically there is pain and limi- 
tation of movement, the diagnosis is 
confirmed by X-rays which initially 
shows the appearance of a cloud and 
later of a mass of mature bone. 

Treatment 

A. Preventive The incidence of 
myositis ossificans could be minimised 
by proper management of trauma; i) do 
not employ deep massage or passive 
stretching, and ii) treat injuries at the 
mentioned sites initially by rest. 




Fig. 45 Myositis ossificans of the elbow 



B. Established cases are treated by: i) rest of the affected joint, and ii) 
excision of the mass should not be carried out before one year after injury because 
of the tendency of myositis ossificans to recur. 

4. Infection 



Infection of a compound fracture nearly always causes considerable stiffness 
of a long duration. 

5. Sudeck's acute bone atrophy 

(Paul Hermann Martin, Sudeck. 1866-1945, Professor of Surgery, Hamburg) 

This disorder occurs most commonly in the hand but may also occur in the foot 
following an injury. 
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Diagnosis 

a. Patient complains of: i) Intense pain, ii) swelling and iii) marked restriction 
of pint motion. 

: b. Examination reveals: i) Skin is glossy, smooth and stretched, ii) liSba! 
temperature is increased, and iii) X-rays shows osteoporosis of bones. 

Treatment 

i. Intensive physiotherapy usually improves and cures the condition, it may 
take several months for the cure to be effected. 
ii. Sympathetic block 
iii. Regional block followed by gentle manipulation and dynamic splinting. 

6. Post traumatic osteo-arthrosis (Fig. 46) 

This is mostly seen after intra-articular fractures and malunited fractures in 
the proximity of a joint. 





Fig. 46 Common sites of post traumatic osteo-arthrosis 

7. Unreduced dislocations. 

8. Malunion may restrict movement. 



Part II 

Regional Fractures and 

Dislocations 
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INJURIES OF THE UPPER LIMB 



THE SHOULDER AND THE ARM 

Anatomy 

The shoulder is the most mobile and probably the least stable of all the joints 
of the extremities. Basically, it consists of the articulation of the glenoid fossa of 
lie scapula with the head of the humerus (glenohumeral joint). However consid- 
ering the mechanics of the shoulder with regard to injuries and motion, we must 
consider the articulations of the shoulder girdle to include (1) The glenohumeral 
(2) The sternoclavicular (3) The acromioclavicular and (4) The scapulothoracic 
joints (Fig. 47). 



ACROMIO -CLAViCULAR 
ARTICULATION 



STERNO-CLAVICULAR 
ARTICULATION 




GLENO -HUMERAL 
ARTICULATION 



Fig. 47 Articulation of the shoulder girdle 



1. The glenohumeral Joint, Fig. 48 

This is a ball and socket joint possessing the greatest freedom of motion of all 
the joints of the body. Here, the large head of the humerus articulates with the 
shallow glenoid fossa of relatively smaller surface area. 
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2. Sternoclavicular Joint 

This is a synovial joint formed by the 
articulation of the sternal end of the cla- 
vicle with the upper end of the sternum. 
An articular capsule surrounds the joint 
and is reinforced by anterior and poste- 
rior sternoclavicular ligaments. A fibro- 
cartilaginous articular disc is interposed 
between the two articulating surfaces 
and possibly affords some stability and 
improves motion of the joints. The ster- 
noclavicular joint represents the only 
point of bony articulation between the 
trunk and upper limb. 



GLENOID FOSSA 



LESSER TUBEROSITY 



GREATER 
TUBEROSITY 




ANATOMIC NECK 



SURGICAL 
NECK 



IMTERTUBEROJLAR 
GROOVE 



Fig. 48 Bony anatomy of the gienohumeral joint 



3. Acromioclavicular Joint 

This is synovial joint composed of an articulation between the lateral end of the 
clavicle and the acromion of the scapula. An articular capsule encloses the joint 
and is supported or reinforced by the acromioclavicular ligaments. A small articular 
disc is present, attached only to the superior aspect of the capsule. The major 
stability of the acromioclavicular joint, however, is provided by the strong coraco- 
clavicular ligament, anchoring the clavicle to the coracoid process of the scapula. 
This ligament consists of two parts, a trapezoid ligament and a conoid ligament. 
The conoid ligament is shaped like a cone with its apex pointed distaily and is 
attached to the medical aspect of the coracoid process. The trapezoid ligament is 
situated anterolateral to the conoid ligament. 



4. Scapulothoracic Articulation 



The articulation of the anterior surface of the scapula and the posterior rib cage, 
is not a true joint in that there is no apposition of bone to bone. Functionally 
speaking, however, in shoulder mechanics it behaves as a joint. 

Restriction of motion at any of the four above junctions will restrict the total arc 
of motion of the shoulder. 
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[Fijurief of Shoulder Girdle 

Fractu res: 

-Scapuia 
_Proximal_liumerus 

Dislocations: 



JahQulder 

-Acromioclavicular 
— Sternoclavicular 
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fee i , v» ■ 

FraciOres of the clavicle are commc 



esp ecially in children, but can occur in 

othefage groups. The., injury, is due to, . 
either a fall on the extended. arm _(Fig. 
49), or a direct blow as in contact sport. 




Fig. 49 Mechanism of injury 

Diagnosis 

Typically , the patient presents with pain and usually supports his injuredjirrto 
at the elbow" close to the trunk. 



Deformity 

Most fractures on riiir in the mHd-l-p 
1/3 of clavicieand typically the shoulder 
'is in a slightly downward and outward" 
position. The proximal fragment may be 
eievated, producing 'an obvious defor- 
mity at the fracture site. In children 
g reen stick fracture is comm np and 
localized tendern ess is an important 
sfcrrr A-rays will confirm the diagnosis 
and establish the site and type of the 
fracture. 




Fig. 50 Fracture clavicle typical site and 
deformity 
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i 



Management 



* 



The goal is rapid recovery of the injured shoulder. Fractures of the clavicle 
almost always unite with or without treatment. 

Healing occurs usually in 3-6 weeks, depending on age of the patient and the 
type of fracture. 

Available methods 

^Conservativ^ the method of choic e) 

Accurate reduction is not necessary' 

ir yirnfthjlfratinrv T raditionally t his can be achieved by figure of 8 bandage an d 

a slina Fig. 51 . 




2*>V- 



Fig. 51 Figure of 8 bandage 



* 



RehabiiitationL T he oatient should be instruct ed rfjQ arHinr l hand wr i st a ndg lb^w_ 
exefcises duri ng immobilization and regarding shoulder exercises once fract ure 
Tieaiea 
^ methods: fj ar o i y-m4 ln ' 1tnH ^von^ t-in- 

a) Fracture lateral 1/3 if conservative methods fail . 
h) Presence of neuro vascular complications . 

<-) Mnnnnj^r^ 

Complications 



j p phiirirpn rrminlding rinnn nrrur and 



Uncommo n, its OCCUrw mn^tly ' n <-aQPQ whn havs had qiirqir.aLiatfrrvantinn. 
-y-ragntYTuaQriiiar iniiiru j«t rare. 
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\cture Scapula 

The scapula is a large, flat, broad surfaced structure on the posterior aspect of 
le upper trunk. Fractures of the scapula are uncommon, because of its location. 
The injury is mostly due to a direct type such as a backward fall. Indirect trauma 
may also, and to a lesser extent, result in fractures of the scapula. 

CORACOID 

BODY 

NECK AND GLENOID 1 




Fig. 52 Fractures of the scapula 



Classification, Fig. 52 

1. Fracture of the body and spine 

These occur mostly due to a direct trauma e.g. a fall from a height with direct 
landing on the posterior aspect of the trunk. Since a force of great magnitude is 
required to produce these injuries, it is important to examine the patient for asso- 
ciated serious injuries specially chest injuries. 

Treatment 

Almost all these fractures can be treated conservatively by analgesics and a 
simple sling to rest the shoulder for 2-3 weeks. 

2. Fracture of the acromion 

Since the acromion forms the roof of the shoulder joint, it is very susceptible^to 
direct trauma from above or to an upward thrust of the head of the humerus. 

Treatment 

Undisplaced fractures The majority' may be managed with a sling to rest the 
shoulder for 3 to 4 weeks. In markedly displaced fractures, the acromion should 
be reduced and fixed. 



D Q Fractures and dislocations 

3. Fracture of the coracoid process 

This may occur as a result of a direct or indirect injury. Indirect injury is 
usually due to acute muscle contraction of the pectoralis minor, short head of' 
biceps or coracobrachialis leading to avulsion fracture. 

Treatment . 

The majority of these fractures may be treated conservatively using a sling tor 
2-3 weeks. Vigorous exercises should be prohibited for 2 months. Open reduction 
is indicated in cases of marked displacement. 

4. Fracture of the surgical neck and glenoid 

These fractures are commonly encountered together, the usual mechanism of 
injury is a direct trauma to the anterior or the posterior aspect of the shoulder. 

Treatment . . - _ 

The majority of the patients may be treated conservatively by a sling for 2-3 
weeks If there is a significant displacement of the glenoid, a shoulder spica in 
abduction may be used after reduction. Open reduction is indicated if there ts 
isolated glenoid rim fractures associated with dislocation or subluxation of the 
shoulder. 

Fractures of the Proximal Humerus 

Fractures of the proximal humerus occur mostly in the older age group. Osteo- 
porosis is a common finding in these patients. 




Fig. 53 Mechanism of injury 
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The blood supply of the humeral head enters anterolateral^ above the common 
site of fractures of the surgical neck. Thus in fractures of surgical neck, blood 
supply to both bone ends is good and healing is rapid. 

Mechanism of injury 



The commonest injury is due to an indirect trauma as a result of a fall on the 
out stretched and pronated upper limb, Fig. 53. 

Direct trauma to the anterior or posterolateral aspect of the shoulder may lead 
to fracture of greater tuberosity or surgical neck. Avulsion injury of the greater 
tuberosity may occur especially in association with shoulder dislocation. 



Diagnosis 

The typical posture of the patient is 
usually indicative, he will tend to immo- 
bilize the injured limb next to the body 
and support the arm with the use of the 
uninjured limb, Fig. 54. 

It is essentia! to perform careful neu- 
rovascular examination of the limb, 
since displaced fractures may cause 
such damage. X-ray is essential to 
establish diagnosis, to determine the 
extent and the displacement of the 
fracture. 




Fig. 54 Typical posture 



Classification 

1. According to the site, Fig. 55 

a) Fracture of the greater tubero- 
sity. 

b) Fracture of the surgical neck. 

c) Fracture of the lesser tuberosity. 

d) Fracture of the anatomical 
neck. 

e) Combinations of the above. 
The most commonly encountered 

fractures are those of the greater tube- 
rosity and surgical neck. 



& REAPER 



LESSER 
TJBERO 
SiTY 



5URQI 
WECK 




HEAD 



ANATOMIC 

NECK 



Fig. 55 Anatomy of proximal humerus 
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2. According to displacement 






a) Undisplaced or minimally displaced. 

b) Displaced (fragments are displaced greater than 1 cm or angulated more 
than 45°) 



Management 






Our aim should be recovery of satisfactory functional motion of the injured 
shoulder. 

Undisplaced or minimally displaced: (Separation of fragments less than 1 cm 
and angulation less than 45°) These fractures are best treated conservatively, 
Fig. 56. 



a) Reduction is not needed. 

b) Immobilization using a siing or col- 
lar and cuff until pain and discomfort 
has subsided which may take 1-2 
weeks. 

c) Rehabilitation by gentle exercises 
should start once there is no discomfort 
at the fracture site. 




Fig. 56 Treatment of undisplaced fractures 

Displaced fractures: (Separation over 1 cm, Angulation more than 45°). The con- 
servative method as mentioned above can be used, in which the weight of the 
limb will act as a distraction force Traction by Gravity'. 

Open reduction and internal fixation (Fig. 57) is indicated in: a) Cases of signi- 
ficant displacement, b) associated tears of the rotator muscles, and c) failure of 
conservative treatment. 



Complications 

1 . Shoulder stiffness. 

2. Avascular necrosis: This is more commonly associated with fractures of the 

anatomical neck. 

3. Nonunion and delayed union: Is mostly seen if there is overdistraction of 
fracture ends, such as in cases where hanging cast is used to provide distraction 
in addition to gravity. 






// Regional 



63 




Fig. 57 Interna! fixation of displaced fracture greater tuberosity 



Dislocations of the Shoulder Girdle 
Shoulder Dislocation 






Shoulder dislocation is a common injury which mostly affect young adults with 
a definite male predominance. 

The dislocation is classified according to the position of the head of the humerus 
into: 

1. Anterior dislocation (commonest) 
l 2. Posterior dislocation (uncommon) 

3. Inferior dislocation (rare) 




interior dislocation 



It is mostly caused b y abduction and 
external rotation forc e. Fig. 5 8 (indirect 
Iraurna) 




Fig. 58 Anterior disSocation-indirect trauma 



64 



Fractures and dislocations 



JL) Direct tranmaj n the posterior as pect of th e shoulder as.in fnnthall injuries may 
/also produce dislocation. 

v/ Diagnosis. 

^/Posture: Fig. 59. 

Ty picall y the li rp h ■■* hpld in flight ah- 
duction with the forearm located in 
close proj cimjjyJaJ^^ 
ted hy the uninvnlved Ijmh 




Fig, 59 Typical posture in anterior dislocation 



s/w 



Special features, Fig. 60 

The typical appeara nce is loss of the 
normal round contou r of the shoulder 
and the li mb looks lo nger palpation nf 
Tfi'e shoulder area will n 



pras- 

sion just under the a cromion, the head 
may be felt in its disiocated position. 
Sh oulder movements are painfuM anrj. 
"restricted, it is e ssential to examine for 
H&nm055railar_flamanq. Since injury tn.. 
axill ary, "nerve, and axillary vessels p nay 

'OCCUJU- 




Fig. 60 Diagnosis - anterior dislocation 



yS X-rays: Although the clinical diagnosis is obvious, X-rays are needed to confirm 
the diagnosis, e stablish the site of the head and to exclude the possibility of 
Associated tractures7(Fig. 61) . According to the site of the dislocated head, ante- 
rior dislocation is desc ribed as^a jSubcoragaid, bjsubclavicular^subo^aoid and 
d) intrathoracic. 



*jfc Management 



A dislocated shoulder should be reduced anatomically as soon as possible, and 
immobilization should be continued for a period of 3 weeks so as to minimize the 
incidence of recurrence. An acutely dislocated shoulder can almost always be 
reduced by conservative methods: 
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FRACTURE 
GREATER TUBEROSITY 





Fig. 61 Fracture dislocation shoulder 



_.1i. Reduction 

Manipulation to reduce a dislocated shoulder should ideally be carried out under 
general anaesthesia with muscle relaxation. 

a. Hippocratic technique, Fig. 62. 
(fllppTcrafesT^BTPSSTbC^Physician, 
Cos, (nmfirft.ywhi |p.t.he p atip pt iain-tha . 
supine position, the involved extrem ity 
is grasped by the physicia n n f thp - 
forearm and wri st, and the physician's 
TJareToot is placed in the axill a the re- 
duction is accomplished by the physi- 
cian's applying longitudinal tractiQo _to 
the involved extremity, while at the 

Same time applying CODntertractlon " Fig. 62 Hippocratic technique 

through the foot in t he patie'nt's a xilla.' 

b. Kocher's te_chnig J ue J Fig. 65~TKocher, Emil Theodor, 1917-1981, Prof, of 
Su^eTy^eTrT^^wlr5erfand) 

(i) Flex patient' s elbow to 90 °, hold elbow with one hand and the forearm 
at the wrist with the other hand, then exert longitudin al traction through the humeral 
shaft. 

(ii) Gradually and slowly e xternall y rotate the abducted arm. 

T jii) Adduct th e arm across the anterior aspect of the chest to approximately 
the midline. 

( iv) Internally rotate the arm until the hand is placed on the opposite 
shoulder. 
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sifpi-Fi/* ^ mam siotmxthwm. wwwh khi m»*w 

Fig. 63 Kochers technique 



c. Stirnsontechnigue^Fig. 64 
_ ,^gc!Tniqu^^lone without gene- 
ral anaesthesia. The patient should be 
given a powerful analgesic such as pe- 
thedine, morphine or diazipam. 

(i) Then patie nt lies in a prone 
pncitinn^ vfhTedge of tha table or ped, 
5ao 1s placedjjn jjgjitifi-claincie. 
ie involved^xtremitv is then 



5TEPW-WTERNM- ROTATION 



allowe d to hang_o yerjh a_slde of the ta 

T>le or bell 

{T!rr5 to"7 kg weight is attached to 

the foreanj ijhen Willi muscie reiaxa- 
Tibn secondary to the ~" sia, and 
with the gravitational trau ie shoul- 
der may be reduced spontaneously 
wftfrin halUn one hour. 

2. immobilizationJF ig. 65. 

. .ie reduced shoulder should be im- 
mobilized for 3 weeks in^ djiicJiQn^gnd 
in tprnal rotation , a simple metnoa is the 
Jse of a sling or collar and cuff with the 
arm kept under the patients vest and 
the hand should reach opposite shoul- 
der.. 




Fig. 64 Stimson technique 




Fig. 65 Immobilization 
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^^^Exercises 

uTregainsnoulder movements, pendulum exercises followed by active 
flexion, extension and lastly abduction should be starte d after the 3 weeks of 
mmobilization. 

I Complications of anterior dislocation 

^ TShouldei^tjfjflgg^occurs mainly in older patients. 

^^ecurrentalslocatson. 

^^gj^gjnjyn^due to. traction: Any combination of neurological lesions may 
occur, the commonest is circumflex nerve injury leading to de ltoid muscle paralysis 
and sensory loss over a small area of skin on the outer aspect of the upper arm 



4. A ssociated fractures such as those of the greater tuberosity or humerahreck. 

/ 

Recurrent anterior dislocation of the shoulder 

Of all the joints in the human body the shoulder is the one that is most subject 
"o recurrent dislocation. It is a troublesome condition since it mostly occurs in 
young and athletically active individuals, and it may occur even after adequate 
"eatment of the initial injury. 

SL Associated pathological features, Fig. 66. 

1 The glenoid labrum: 'Bankart Lesion ' (Bankart, Arthur Sydney. 1879-1951, 
DrTfiopaeaic surgeon, London). 

Detachment of the fibrocartilagenous labrum and/or detachment of the capsule 
am the glenoid rim is thought to cause instability of the shoulder joint. 

2. The p osterolateral .notch j^fhp humprai hpad- ' Htll-Sachs_Lesion , ■ 

Itisnowgenerallyaccepted that the posterolateral indentation in the humeral 
_ ead formed with recurrent dislocation is a compression fracture caused by 
npingement of the anterior glenoid rim on the posterior and lateral aspect of the 
-jmeral head during the dislocation. This defect could predispose to recurrence 
:~ dislocation. 

S^LaxityanddeUjchme^ 

ITHoTuTrenTTIisiocation, laxity and detachment of the subscapularis from its 
;:apular origin may occur leading to loss of its important dynamic anterior buttress. 

X Diagnosis 

The patient us ually describes some form of abduction and external rotation 
:;rTTpoiienl in the production of dislocation. Progressivel y less trauma is req uired- 
~: each occassion a nd eventual ly the patient may be able to reduce the disloca- 
i voluntarily. Pain is not quite as severe as that of the initia l dislocation. 




acute dislocation, in .bximafifl^attasRs, attempted 



ner hal rotation and abduction of the limb w il l nauRR-ap fixabflQ&ian-anri resistance 
::sitive apprehension test). 
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BANKART * 

LESS10N 



, laxity of 
6 subscapulars 








a. Normal appearance 



HILL- SACHS LESSIOM 
b. Associated pathology 



Fig. 66 Associated pathological features 



K 



Management 



If more than two episodes of dislocation occurred, operative treatment is indi- 
cated. Before surgery is contemplated, radiological evidence to prove that the 
dislocation was anterior is essential. 



i/ 1 



'Most commonly used operations: 



1. Putti-Pla ttjffiftraliQa.= subscapuiaris shor tening (Fig. 67) (Putti, Vitores. 
1 §56- 1 940 , ProHffihpaedT c surgeon Bologna. Piatt, Henry. Emeritus Prof. Ortho- 
paedic Surgery, Manchester.) 

Rp^trintinq .axtemal rotation a nd form- ^ 
in o_ barrier_Q .f— tiasiiRS in front of the. 
shoulder. 



A). PUTTI-PLATT 

REPAIR: 



DELIBERATELY RESTRICT- 
ING EXTERNAL ROTATION 
AND FORMING BARRIER 
OF TISSUE IN FRONT OF 
THE JOINT. 




CAPSULE 



5USSCAPULARIS 

Fig. 67 Putti-Piatt repair 



^^Barijlartj^ration = Anterior^ 
japsular rep air (hiq. 68) 

Fixation of the lateral part of the capsule 
to the raw edge ofThe glenoid. 




B). BANKART REPAIR: ancher the lat- 
eral PART OF THE CAPSULE TO THE RAW 
EDGE OF THE GLENOID. 



Fig, 68 Bankart repair 
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3. Magn uson -Stack operation = 
" ^sbbscapu laris transfer(Fi g. 69)' 

Reinsertion of the subscapularis lateral 
*o tn e Dicipital groove ana inferior to the 
anginal insertion. 




SUBSCAPULARIS 



C> MAGNUSON-STACK: re-insert 

SUBSCAPULARIS LATERAL TO THE BJC1PTAL 
amove and inferior to the original 

INSERTION. 

Fig. 69 Magnuson - Stack operation 



,. "Post operative care: 

Ar m is kept in adduction and internal rot atinp for 4-6, weeks Followed hy rjra- 

' exercises to regain shoulder movement. 




osterior dislocation 




This uncommon injury is often overlooked because the physical signs are not 
obvious and an anteroposterior radiograph of the shoulder may show little abnor- 
mality to the inexperienced. 

d Mechanism of injury 

Posterior dislocation may be due to either: 



1. Direct 



injury 



mis is relatively_rare^ and is due to a blow on the anterior aspect of the shoulder 
that drives the humeral Read in a posterior direction. 



2. Indirect 



injury 



More common, and it is due to adduction and internal rotation of the arm. 



Diagnosis 

The limb is held in adduction a nd internal rotation, typically .t here is loss of 
anterior contour of the shoulder with pronriilf iHm'H Mi ihg3TrimBriiJ.he3 dposteriorJ v^ 
AP radiographs may be difficult to interpret by the inexperienced, but axillary 
views will confirm the diagnosis. 
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j[ Management 

The dislocation can almost always be reduced b^_ 

Technique 

1) Annly |nnnitndinal downward trantinntn the involved extremity while at the 
same time applying direct pressure over the posterior aspe d-^M^ft-shoulder so 
as to rotate the humeral head back into the glenoid fossa. 

2) Reversed Koche rtechnrgu^: Apply gentle slow, gradual traction on the limb 
with mild internal rotation followed by external rotation. 




ferior dislocation (Luxatio erecta) 

This is a-xarn. ty pn nf ^hnnlrfcr d j glocation. Typinallvj hfipatiftnt presents with 

the arm poin ting in an upward directio n- 
al 



Acromiocla vicular dislocation 

This is a common injury, particularly among young athletic individuals. 
The diagnosis of this injury is not difficult but the form of treatment remains 
controversial. 

Mechanism of injury 

The injury is mostly due to a fall or a direct blow. Indirect injury such as a fall 
on the outstretched arm or flexed elbow has also been implicated. 

Diagnosis 

In mild cases (Sprain) there is swelling and locaiised tenderness over the joint. 
In severe form (complete disruption of acromioclavicular and coracoclavicular liga- 




A- SPRAIN 



B. DISLOCATION 
Fig. 70 Acromio clavicular injury 
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-its) the distal end of the clavicle will be elevated above the acromion {Fig. 70). 
Routine X-rays will confirm the diagnosis and occasionally stress films in which 
jtine AP view is taken while the patient is carrying 5 kg in his hand is adequate 
•: revea! the extent of the disruption. 

Management, Fig, 71 

1) In mild and moderate cases, conservative treatment is advisable, the disloca- 
on can be reduced by downward pressure on the lateral end of the clavicle and 

:~e reduced position can be maintained by external strapping. 

2) In severe form (complete disruption) there is a controversy regarding the 

nethod of choice, with conservative treatment the ruptured ligaments will unite 

with some elongation and so as residual deformity but normal function is the rule, 

-ternal fixation, on the other hand, is difficult and frequently followed by a lengthy 

rcovery period, at the end of which the fixation device must be removed. 





Fig. 71 Management of acromio clavicular dislocation 

Sternoclavicular dislocation 

This is not a common injury, the dislocation could be either anterior or posterior, 
(Fig. 72) by far the commonest is the anterior type, fortunately the posterior type 
which is prone to significant complications such as difficulty in breathing and 
dysphagia due to direct pressure is rare. 



Treatment 

1) Minor displacement: Minor subluxations should be accepted, although some 
asymmetry of the supra-sternal notch may persist, but a pain free resuit is usual. 
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Fractures and dislocations 





a. Anterior 



b. Posterior 



Fig 72 Sternoclavicular dislocation 



The arm should be rested in a sling for two to three weeks until acute pain has 
settled. 

2) Gross displacement: Reduction under anaesthesia should be carried out, 
failure of closed manipulation is an indication for open reduction and fixation. 

( /Fracture shaft humerus 

Uncomplicated humeral shaft fractures are usually easy to treat, the blood 
supply is so vigorous that union is rapid and the fracture is or firm clinically within 
about 6 weeks. 



-* Mechanism of injury 



^^D^Qj^jj^jj^ due to a heavy blo w will lead to either transverse or comminuted 
fracture. 

2)lndirecHniun^is mostly due to rotation or a ngulation forces, such as a fall 
orTmeTJSo^^itTTthe 



ie arm abducted, causing either a spiral 



;ture. 




WRIST DROP LOSS OF SENSATION 

Fig. 73 Radial nerve injury 
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: -gnosis 



side the cardinal signs a od-agnptQni&i3iira^u re a careful examination for 
c'a ted radial nerve iniurv which is occasion ajivjamaged in fractures or rnigaie 

: ' De carried out,. Fig. 73. 



'.'i-agement 

Uncomplicated humeral shaft fractures: The majority of the cases can be 
^ge d conservatively, maoiauLatJO^ iiDiler anaesthesia isje^d^dJnbadly dis- 
._ 36 tractuTes. lmmob|IJ7a^r^c anbe achiev ed, bv U shape slab . Fig. 74. Re- 
; unctional braces have been advocated. Exercise of wrist and fingers during 
- :d of immobilization must be encouraged. 




fesfc 



" Wil| *W^f hAA^v^v 




OpAm 



Fig. 74 U shape slab for humeral shaft fracture 



Open reduction and internal fixa tion is indicated fo r: 

* a I treatment of complications : Delayed union, nonunion an d j^djaLoqrve 

njury 

" BTMultiple injuries : In patients who need a prolonged period of recumbency^ 

WB^nPmPif 1 nt humeral sh»ft frant.,r ? 9?fTH*T j~ ftl " il \\ | r Pi 'I J H f ■ fl M 

There is rarely any indication t oexolore theja diai-aetue atthe time of injury e^cspj. 

uv 

a\ Compound fractures ,_ 

b) Spiral fractures a t the junction of middle and lower third of the bone, in 
this type the nerve is frequently found lying between the bone ends. Exploration 
to release the nerve and internal fixation of the fracture is indicated. 



74 Fractures and dislocations 

In all other circumstances, the fracture is allowed to unite, the wrist drop being 
treated meanwhile with a cock-up or lively splint. Once the fracture has united at 
8-12 weeks, the nerve could be explored if no recovery has occurred, however it 
is rarely necessary. If the damage to the nerve indicates that recovery is unlikely, 
the wrist drop is treated by flexor to extensor tendon transfers. 



tf 



Complications of humeral shaft fractures 



I^Radialnen/einiur^ 
^^e^^2fi^^^SjMMliflJiy T,a y occur in transverse fractures especially 
w'rienTRere is excessive traction leading to distraction and a gap between the end 
of the bone fragments. 

3. Malunion. 



4. Joint stiffness 
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THE ELBOW AND THE FOREARM 



Anatomy 

The elbow is a synovial joint formed by the articulation of the distal humerus 
Fig. 75a) with the proximal ulna (Fig. 75b) and radius, forming a humeroulnarand 
" jmeroradial articulation. In addition, there is a junction of the head of the radius 
.-. th the ulna forming a proximal radioulnar articulation. The elbow is a hinge joint 
and its movements consist of flexion and extension (Fig. 75c), the ulna moving 
i the trochlea and the head of the radius on the capitellum of the humerus. 
However, the flexion-extension movements of the ulna do not constitute a pure 
E.ving but are accompanied by a small degree of rotation, the ulna is slightly 
z'onated during extension and supinated during flexion. 

In the forearm, the radius describes a 160 arc about the ulna (Fig. 76). This is 



TROCHLEAR NOTCH 




TROCHLEAR 
NOTCH 



TROCHLEA, 

LATERAL B 

E Pi CONDYLE 




CORONOlD 
PROCESS 



TUBEROSITY 




Fig. 75 Articulation of the Elbow 



76 



Fractures and dislocations 



RJ&HT RADIUS AND ULNA 
LW SUPINATION,- V1EWEP 
FROM IN FRONT 



RIGHT RADIUS AND ULNA 
IN PRONATION; EXPOSING 
DORSAL SURFACE OF RfrDlUS 




OLECRANON 

TROCHLEAR INCISURE 
(SEMILUNAR NOTCH) 

CORONOID PROCESS 



TUBEROSITY 
OF ULNA 



OBLIQUE CORD 



ULNA 



RADIUS 



INTEROSSEOUS 
MEMBRANE 



-5TYLO10 PROCESS OF ULNA 
STYLOID PROCESS OF RADIUS 




GROOVE FOR 

EXTENSOR 

Dl&lTORUM 

COMMUNIS.PLUS 

EXTENSOR 1NDICIS 

PPOPBIUS 



GROOVE FOR 

/EXTENSOR 
/ POLLICIS LONGU5 



OKOOVE FOR 
EXTENSORS 
RADJAL1S 
LONG US AND 
BREVI& 



Fig. 76 Bones of the forearm 

the reason why in fractures of the radius full pronation and supination is achieved 
only after anatomical reduction and restoration of the double bow (dorsal and 
lateral) of the radius. 



Injuries to the Elbow 



A. Fractures 



1. Fractures of the distal end of the humerus. 

2. Fractures of the proximal end of the radius. 

3. Fractures of the proximal end of the ulna. 

4. Avulsion Fractures. 

a) Avulsion fracture of the epiphysis of the medial eptcondyle. 

b) Avulsion fracture of the epiphysis of the lateral epicondyle. 
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B. Dislocations 

1. Dislocation of the elbow. 

2. Pulled elbow. 

Fractures 

Fractures of the distal end of the humerus 

Classification 

1. Supracondylar 

2. Condylar 

3. Intercondylar 

Supracondylar fracture 

This injury is typically seen in children, the fracture occurs just above the con- 
dyles. Injury to the brachial artery is not uncommon and early diagnosis and 
treatment of this complication is essential. 

Classification and mechanism of injury 

Two types of supra condylar fractures can be recognised according to the 
direction of displacement. 

A. Supra condylar fracture with posterior displacement of the distal fragment 
extension type) accounts for 95% of cases and is caused by a fall on the hand 
with the elbow bent, Fig. 77. The fracture line is usually oblique and directed from 
the front of the bone upward. 






A 



Fig. 77 Supracondylar fracture - extension type 
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Fractures and dislocations 



B. Supracondylar fracture with ante- 
rior displacement of the distal fragment 
(flexion type) this accounts for 5% of 
cases and is caused by a fall on the 
hand with the elbow extended, Fig. 78. 
In this uncommon injury the fracture line 
is usually oblique and directed from the 
back of the bone upwards. 



FLEXION 




Diagnosis 



Fig. 78 Supracondylar fracture - flexion type 



Following the fall, the child complains of pain in the elbow. The child generally 
resists examination and there is tenderness over the distal humerus. There may 
be marked swelling and deformity but the olecranon and medial and lateral epicon- 
dyles preserve their normal equilateral triangular relationship (Fig. 79) which dif- 
ferentiates a supracondylar fracture from dislocation of the elbow. 





FRACTURE 



DISLOCATION 



Fig. 79 Equilateral triangular relationship 
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It is essential to examine for 
-=jrovascular damage. The brachial 
irtery may be affected by the proximal 
-agment when there is appreciable dis- 
orient of the fracture (Fig. 80). In 
~e majority of the cases, this is no 
_ D r e than a kinking of the vessel or 
rompression by haematoma but occa- 
e anally structural damage to the wall 
- sy occur. 



BRACHIAL 
ARTERY 




Management 



Fig. 80 Vascular complications 



Accurate reduction especially of angular and rotational deformities of the frag- 
ments is essential for the function and shape of the elbow. Persistence of posterior 
:-gulation of the lower fragment will cause limitation of flexion while persistence 
anterior angulation will limit extension. Lateral angulation will lead to cubitus 
= gus or cubitus varus deformities. Rotatory malalignment may cause an ap- 
:= r ent cubitus varus. 

1 . Supracondylar fracture with posterior displacement: Our aim is to secure 
jction with no angulation or rotation. 

a) Reduction: This can be achieved by manipulation under anaesthesia by 
"-following manoeuvre. (Fig. 81) 

The surgeon exerts traction on the injured limb with the elbow slightly flexed, 
i without releasing traction he corrects sideways displacement, angulation or 
nation. 

Then, he flexes the elbow to 80° while pushing forward the lower fragment with 

" s thumb. 

The radial pulse must be checked, and if the pulse weakens or disappears, 
~b degree of elbow flexion is reduced until the pulse returns. Open reduction 
)ufd be done if manipulation fails. 

b) Immobilization: If the reduction is stable a simple collar and cuff is applied. 
_ ccasionaily the elbow can not be sufficiently flexed without obliterating the pulse, 
I : a less flexed position is necessary and immobilization is achieved by a posterior 
slab in addition to the collar and cuff. In the completely displaced unstable 

;ure, it is advisable to use percutaneous K-wire fixation to maintain 
jction. 

c) Rehabilitation: Immobilization should be continued for 3 weeks which is the 
~= needed for union. During the following 3 weeks i.e. the time needed for 
: isolidation, the child is allowed to take the hand out of the cuff for activities 

= . :n as washing, dressing and writing. Elbow flexion is encouraged but not exten- 
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• TRACTION 

* ELBOW 20 s FLEXION 




TRACTION 

ELBOW FLEXION 80° 
THUMB PUSHING LOWER 
FRAGMENT FORWARD 



•CHECK PULSE 



Fig. 81 Closed reduction of supra condylar fracture with posterior displacement 

sion. Passive movements are prohibited at all times. 

If an acceptable position can not be obtained by manipulation, traction either 
skin or skeletal using wire through upper ulna can be used. 

The operative method is indicated if conservative reduction fails also it is 
necessary in cases associated with vascular damage that require surgery. 
Following exploration and artery repair, the fracture may be fixed using 

Kirschner wires. 

2. Supracondylar fracture with anterior displacement: This uncommon type is 
usually reduced by pulling the arm with the elbow fully extended. Immobilization 
is achieved by a plaster slab with the elbow extended for 3 weeks followed by 
active gradual elbow flexion exercises. Percutaneous K-wire fixation is useful in 
the unstable fracture. 
Complications of supracondylar fracture: 

1 . Early complications 

a) Vascular injury which if untreated will lead to Volkmann's ischaemia. 

b) Nerve injury: The median, ulnar and radial nerves are sometimes injured 
but usually recover spontaneously. The most commonly affected is the median 
nerve. 

2. Late complications: 

a) Myositis ossificans 

b) Stiffness 

c) Malunion 

d) Late ulnar nerve palsy. 
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'.zndylar fracture, Fig. 82 



Fractures of a single condyle are re- 
al vely uncommon. Since they are intra 
~'cu I ar fractures, anatomical reduction 
• ~scessary. 

Displaced fractures of either medial or 

feral condyles are best treated by 

:oen reduction and internal fixation 

~zs conservative measures could not 

he expected to produce satisfactory re- 

--■3, 



~ter condylar fractures (T or Y shaped 
-sctures), Fig. 83 

"his injury usually results from a fall 

rato the elbow, the medial and lateral 

: : "dyles are separated from each other 

": rotated downwards and outwards 

:he pull of the forearm flexors and 

- censors. 



treatment of intercondylar fractures 




Fig. 82 Cpndylar fracture 













Fig 83 Intercondylar fractures 






These fractures are perhaps one of the most difficult to treat the functional 
.suits without reduction are generally poor, and even when accurately redded 
- Tie residual loss of function is usual V reauc8a 

?ung ISZS^JF"" nXa "°" reqUireS " ^ de9 ' eS °' SW "' * iS indiCa,ed 
"-eatment by early activity is suitable in elderly patients who usuallv sustain a 

; "s™r of ,racture (bag of bones) * and surprisingly ,he ^~ Si 
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Fig. 84 Internal fixation of inter condylar fracture 

Skeletal traction through the olecranon is advocated by some surgeons as an 
alternative method to open reduction, this has the advantages of being easier and 
safer, but functional results are not as good. 



Avulsion Fractures 

Avulsion fracture of medial epicondylar epiphysis 



Avulsion of the epiphysis of the me- 
dial epicondyle is common and is the 
result of a valgus strain applied to the 
elbow, with the force of the flexor 
groups of muscles avulsing the epiphy- 
sis, (Fig. 85). 

The position of the avulsed fragment 
may range from minimal separation to 
gross displacement with the epicondyle 
being pulled into the joint and trapped 
between humerus and olecranon, {Fig. 
86). 

Treatment 

Minor separation may be discarded, 
no reduction is needed but the elbow 
should be rested in a collar and cuff for 
3 weeks. With gross displacement and 
if an epicondyle is trapped in the joint, 
reduction by manipulation is sometimes 
successful, but if this fails open reduc- 
tion and internal fixation is indicated, 
(Fig. 87). 




ULNAR NERVE 



MEDIAL EPICONOCLE 



COMMON FLEXOR 
ORIG1K 



Fig. 85 Fracture medial epicondyle 
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Fig. 86 Displacements of fractured media! epicondyle 



Avulsion of the lateral epicondylar 
f r ohysis 






The lateral epicondyle is usually os- 

■ ed in extension from the epiphysis of 

re capitellum, but occasionally there is 

separate center of ossification ap- 

aring at the age of 1 1 and fusing to 

lie main epiphysis at the age of 13 or 

4. During this time interval there is a 

EfDarate ossicle of bone to which the 

mmon extensor tendon is attached 

nd traction of these muscles from 

rjs strain of the joint may avulse the 

reral epicondyle. Since the lateral 

r: condylar epiphysis is inconstant and 

en if it appears separately it exists 

for a year or two, it is obvious that 

;_:h avulsion fracture is rare. 



= -actures of the Proximal Er 




Fig. 87 Interna! fixation of medial epicondyle 



The diagnosis of these injuries is not difficult, there is usually a history of a fall 
Don the hand combined with complaint of pain in the elbow. Elbow movements 
= '3 restricted and pressure over the radial head is painful. 
X-ray examination will reveal the fracture, its type and site. 
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Fractures and dislocations 



Types 

1. Fractured neck of radius (children) (Fig. 88) 

The fracture line is transverse, it is 
either situated immediately distal to the 
growth disc or there is true separation 
of the epiphysis with a triangular frag- 
ment of the shaft. 

Treatment: Up to 1 5°of tilt is accepta- 
ble, beyond that reduction is necessary, 
manipulation under anaesthesia should 
be tried first, if it fails open reduction is 
performed, internal fixation is not usual- 
ly needed. 




Fig. 88 Radial neck fracture 



2. Fracture head radius (adults) (Fig. 89) 

This could a) Vertical spilt: This can be treated by rest in a collar and cuff for 
3 weeks followed by active exercise, b). Single fragment of the lateral portion of 
the head broken off and usually displaced distally. This is treated by pinning back 
the fragment with a Kirschner wire or small screw, c) Comminuted fracture: This 
is best treated by early excision of the head, this usually gives an excellent result. 
Silastic radial head replacements are available, but simple excision on the radial 
head is adequate. 




VERTICAL 

SPLIT 



REST IN 
COLLAR 
AND CUFF 





SINGLE 
FRA&MENT 



COMMINUTED 
FRACTURE 




EXCISION 



Fig. 89 Fractures of the head of the radius - types and management 
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-racture of the olecranon 

The olecranon is subject to hnth riir&rf ~Mrj Tn rjHigct trauma because- ef- 
.zerficiaT position and attachment to a strong muscle (triceps),. FraQty|e,s,may„b.e . 
ren at any age but are most frequent in- young-adults and the elderly patients. 





Diagnosis 



The diagnosis may be made because of the site of pa in and tenderness. In 



rTjiacedTractures, the olecrano n~maybe.fMJflJbaiQw.er armarid-agapjiia^Jje ~ 
pHTpable.'X-ray will confirm the diagnosis but if must be remembered thai children 
f e an epiphysis at the tip of the olecranon which should not be c onfused with 
% Racture! 



'artagement 
The treatment varies somewhat according to the type of injury. 

^^^ndis^ac^edjrach^e. This is best treated conservatively by immobilization 

' a plaster of Paris slab. The elbow should be just short of right angle flexion. 
3entle mobilization can be commenced after 3 weeks. 



2^ommmut^Jr^^j^ In this type, the fracture is disregarded, treatment is 
-= rred at regaining function by encouragement of early active exercises, and the 
;.acjyjsrestgdiri^|inflJor comfort. 





Fig. 90 Transverse fracture of the olecranon 
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Fractures and dislocations 



3 Transver se fracture: Conservative treatment is useless. Closed reduction is 
ea'sy, but maintaining llie reduction is only possible by splinting the elbow in 
extension. Stiffness in this position is disastrous. 

n p a n roHnnfinn a nd Intfimil f"""™ '""" tenSi ° n "'"* ^ ****? m 

meTnod ol choice (Fig. 90). A sling is worn for 3 weeks post operatively and 
remobilization is commenced following that. 

e. Fracture coronoid process (Fig. 91) 

The coronoid process is the bony in- 
sertion of the brachialis muscle and the 
fractures are usually of the avulsion va- 
riety. Treatment by rest in a sling is the 
method of choice except when a large 
fragment results in elbow instability, 
then open reduction and internal fixa- 
tion is indicated. 




Fig. 91 Fracture of the coronoid process 



Dislocations 



1. Dislocation of the elbow 

Except for the shoulder, the elbow joint is the joint most frequently dislocated. 

Generally, the radius and the ulna which are firmly bound together by the 
annular ligament and interosseous membrane displace posteriorly as a unit. 

Occasionally displacement occurs laterally, medially or anteriorly, but the vast 
majority of dislocations are posterior. 

30-40% of dislocations are associated with fractures of adjacent structures. 
The most common of associated fracture in children is avulsion of the medial 
epicondyle. In adults the coronoid process, radial head, capitellum or the olecra- 
non may be fractured. 

Posterior dislocation of the elbow: (The commonest type) 

This may be seen at any age as a result of falls onto the hand. 
The clinical appearance of a dislocated elbow is quite characteristic. The typical 
deformity is: (Fig. 92) 

a) The forearm appears to be shortened. 
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: The olecranon is very prominent 
.- : the triceps appears as a tight band. 

: The line between lateral and me- 
: £ epicondyles and olecranon is dis- 
vzted. (See Fig. 79). 




Fig. 92 Posterior dislocation of the efbow 

Since there is always a risk of neuro vascular injury, a careful examination to 
- :lude such a possibility is essential. 

Although the clinical diagnosis is obvious, X-rays are essential to confirm the 
Diagnosis and to see an associated fracture if if is present (Fig. 93). 





Fig. 93 Fracture dislocation of the elbow 



Management 

Anatomical reduction is essential and should be carried out as soon as possible. 
The majority of the cases are treated conservatively. Surgical intervention may be 
indicated for the associated fractures. 
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Fractures and dislocations 





TRACTION 



FLEXION 



Fig. 94 Closed reduction of dislocation of the etbow 



a) Reduction (Fig. 94) 

It is usually impossible to reduce elbow dislocations without general anaesthe- 
tic. The maneuver employed consists of traction on the forearm in the position in 
which it lies, in order to overcome biceps and triceps shortening. At the same time 
the olecranon is pushed forward by the thumb whilst the eibow is slowly flexed. 
The stability is then checked by gently moving the elbow through its normal range. 

b) Immobilization 

This can be achieved by collar and cuff with or without a posterior slab for 3 
weeks. 

c) Rehabilitation 

Shoulder and finger exercises should commence at once, while gentle active 
elbow exercises should commence after one week. 

Complications 

a) Vascular injury of the brachial artery may occur but with a lesser frequency 
than in cases of supracondylar fractures. 

b) Nerve Injury: The medial and ulnar nerves may be affected. The lesion is 
usually of the neuropraxia type and it nearly always recovers spontaneously. 

c) Myositis ossificans, which is more common if passive exercise is inflicted on 
the patient. 

d) Recurrence of the dislocation may occur if the bony, ligamentous, and mus- 
cular support structures are disrupted sufficiently. 
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2. Pulled Elbow - Subluxation of the head of the radius (Fig. 95) 

This condition occurs in infancy and early childhood. The mechanism of injury 
is a traction force applied to the elbow in pronation leading to subluxation of the 
head which becomes impacted in the orbicular ligament. 

The diagnosis js based purely on clinical examination, the child presents with 
a painful elbow, pronated forearm, tenderness, over the head of the radius with 
full range of movement at the elbow. 

This condition responds dramatically to a quick movement of the forearm into 
full supination. 




RNNUlRft 

LIGAMENT 




NORMAL ELBOW 




PATHOLOGY OF PULLED ELBOW 




Fig. 95 Pulted elbow 



90 Fractures and dislocations 

Fractures of the Forearm 

Fractures of the forearm occur in all age groups. It is extremely important to 
pay strict attention to both the elbow and the wrist joints in the assessment of 
forearm fractures since a dislocation of radio ulnar joints may be associated with 
a fracture of one bone, e.g. Monteggia, Galeazzi fractures. In treating forearm 
fractures, anatomical reduction is essential, otherwise limitation of supination and 
pronation may occur. 

In recent years there has been a definite trend towards open reduction and 
internal fixation. This provides in addition to anatomical reduction, early functional 
activity. 



Classification of forearm fractures 

1 . Fractures of both bones 



ractures of one bone without radio uln ,fiir diftr'Ttfi " • a ) Fracture radius, and 
b) fr^ clureTTna 

3. Fracture of one bone with radiojjljiaji^isiupjioii. a) Fractured ulna with dis- 



ru]3!!CTraHTl^ppWf a^ioTi!naTjoin t (i^Ojj^ejjg|a r imc Jufe >. ana cTTractu red radius 
with disruption of the lower radioulnar joint. (Galeazzi f ractu re) 



1. Fractures of both bones of the forearm (Fig. 96) 



This injury is relatively common in children, but can occur at any age group. 
Proper management is essential for the recovery of functional use of the forearm. 
These fractures may be produced by (a) Direct trauma from striking the forearm 
directly against a solid object such as in assault and road traffic accident, (b) 
Indirect trauma due to a fall on the outstreched arm, this is the most frequent 
mechanism in chiidren. 

The clinical diagnosis is usually obvious, since the cardinal symptoms and 
signs of fracture are present. X-rays are essential to confirm the diagnosis and to 
establish the site, type and the displacement of the fracture. 

Management 

The aim is to achieve anatomical reduction which is essential for recovery of 
function, i.e. full pronation and supination. 

Methods 

a) Conservative, i.e. closed reduction followed by immobilization in a Song arm 
piaster cast with eibow flexed at 90°. The position of forearm immobilization de- 
pends on the level of the fracture. The forearm is usually immobilized in supination 
with upper third fractures, in neutral position with middle third fractures and in fuS! 
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.■-.nation with tower third fractures. This method is suitable for undisplaced or 
—sen stick fractures in children. 

-) Operative: In displaced fractures, it is almost impossible to achieve and 
-aintain anatomfcaf reduction by conservative means, with the result that open 
•ruction and internal fixation using a plate is the treatment of choice. 

'Duplications 

a) Nonunion. 

b) Malunion. 

cj Cross union. 

d) Volkmann's ischaemia. 




FRACTURES OF BOTH SONES 
1- THE FOREARM 




IMMOBILIZATION IN ABOVE ELBOW P.O.P. 
NOTE.: ANATOMICAL REDUCTION IS ESSENTIAL 




. 



INTERNAL FIXATION 
WITH PLATES 



Fig. 96 Fractures of both bones of the forearm 
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Fractures and dislocations 



2. Fractures of a single bone of the forearm without radio ulnar disruption 
a) Fractures of the radius 



Isolated fractures of the shaft of the radiu; 



occur as a result of both direct a nd indirec t trauma. Pain, localised tenderness 
and swelling" will suggest the di agnosis and X-ray will confirm it. It is essen tial 
always To examine tne eioow qnr 1 Thfi w ri s t min i ma ll y nnd rndH^^ft^ p**-*^ 111 ^ 
any associated injurie s or disruption of the radio-ulnar joint s. 



Treatment: Undisplaced fractures may be treated-;dQ.nservatiyMfy by. a long arm 
plaster of Parts." Displaced fractures are best treated operalivefy by eperrreduction 
and internal fixations sing a compression plate. 

b) Fractures of the ulna 



Fractures of the shaft of the ulna without radio-ulnar joint disruption are uncom- 
mon, and the majority of these Jractures are closed injuries due to direct trauma. 
They may occur at any age but are more frequent in young and- middle aged 
persons. 

As with fractures of the radius, full examination of the wrist and the elbow 
clinically" and radiolog-icaHy is esserrtial to exctude any-associatM'joint injury. 

Treafme/7feXon servati je m ethods of functio nal bracing have proved to produce 
more favourable results than operative methods and so should be the method of 
choice. 

3. A single bone fracture with radio ulnar joint disruption 



a),Monfeggia fracfyre (Monteggia, Giovanni Battista 1762-1815. Professor 
of Anatomy at Milan.) 



A fracture of the proximal third of the 
ulna associated with a dislocation of the 



radial head is generally known as a 
Monteggia fracture. In the majority of 
the cases the radial head may dislocate 
either anteriorly or posteriorly (Fig. 97). 




Fig. 97 Monteggia fracture 






^ jfk ^ kin 



A 
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Mechanism of injury: Two specific causes have been suggest 
iirect blow over the posterior aspectof the uinj^and the second 
>er_limb with the forearm in marked pronation. 



_a£ Diagnosis: £^^Q^^Q^^j^^w\\ show an 
head may be palliated either anteriorly oTposteriorl' 




fious deformity, the-^ radial 
3 palpated either anteriorly or posteriorly depending on the type of the 
fracture, There .is also significant gained the vicinity of the elbow with, attempted 
movement, Associated nerve lesions (radial nerve, posterior interosseous nerve) 
may occur and should be looked for by examining the wrist and fingers extensofsr-- 
X-rav i s essential to confirm the diagnosis and establish the type of d isplacement. 



■% Classification (Bado 1967) 

/ i J Future of upper 1/3 ulna with anteh orjqnnii^ 
h aJpterior dislocation of the radial head (60%1 ~ 

fiawnrfl^rinpftr 1/3 ulna* with Tvn^rinr anniiJaiihn-nf. thp iilnfLassqciated 
stPrinr riislnnfltinn.nf.thfi radial head llEm. ., . , 
Ulnar fracture iust distal to the coronoid process associated with lateral 
disl dfegrB^n of the radial head (20%). ^ 

f Vl y^ ar fracture in tho ■■pfa?ri0-J^i^7hirdj«^iated with an at 
)bation of the radial head and a fracture of thi 



disloc 



the proximal thirdof theradius 



Treafmen^ifljChildren, the conservative methods of ciosed r rnanJpulatioQ.anj 
[.mobilization in piaster castjrr^B^RStfeR- g i v e satisfactory resui;;. r sdults^the 
operative "methods of open reduction and internal fixation of the ulnar fracture 
jsing a plate, followed by closedreducfidnofttteTadial head should be the method 
3f choree. In type 4 .internal fixation, of. both ulna and radius is indicated. 

frGaleazzi Fracture: (Galeazzi, Ricardo. 1866-1952, Professor of Ortho- 
oaedic Surgery at Milan) 




Fig. 98 Galeazzi fracture 
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Fractures and dislocations 



jL This is a fracture at the junction of the middle and distal third of the radius 
' associated with subluxation or dislocation of the distal radio ulnar jni^t (Fig 98^ 





Mechanism of injury: This fracture could result from boJ^]j)jg£yr l a^m^o i 
lateral aspect of. the dista l radius and indirect trauma such aj 
outstretched for earm . 



-* 



Diagnosis: The pati 
he distal third of the radius 





ong 



and discomfort aiong the distal radio 
ulnar joint with prominerice -QLaa^dlstai aspect- of-the-ulna. Movi 

are painful X-rays will mnfirmJJm..dia«f>f*3is- 




JEa wrist 



rreafmenf^cjns^rvativejjejh^d^ i.e . closed manipulation and immobiliza - 
ti on in a plaster ^ cast are usually uns ati sfactory since this fracture is very u nstable . 
tn children the conservative method should be tried first, while ir ladults thgyjygy^ 
tiy^TrtethocL/.e. open re duction and internal fixation otthe radiuso ^ compres- 
sion plate to be TolfoweeT by close d reduction of the d istal end of the ulna should 
be the method of choice. It the distal end of the ulna appears to be uhsT^blBlrrspite 
of internal fixation of the radius, it is probably best to transfix it with two crossed 
Kirschner wires after it has been reduced. 
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THE WRIST AND THE HAND 



i^Rnato 



atomy (Fig. 99) 



The wrist is composed of multiple synovial joints formed by the articulation of 
T.e (1) distal radius (2) carpal bones (3) metacarpals. 

The carpal bones are eight in number arranged roughly in two transverse rows. 
*i proximal row formed of scaphoid, lunate, triquetral and pisiform, and a distal 

. formed of trapezium, trapezoid, capitate and hamate. 

The wrist can be divided into 3 articulating rows: 

1 . Radiocarpal joint: This is the articulation between the distal end of the radius 
and the scaphoid and lunate bones. 

2. Midcarpal joints: The articulations between the proximal and distal row of 
:arpal bones. 

3. Carpometacarpal joints: The articulations of the metacarpals with the distal 
. . of carpal bones. 

Movements at the wrist joints consist of: 



i Dorsiflexion: 0-80° 

: Palmer flexion: 0-85° 

: Ulnar deviation: 0-35° 

d) Radial deviation: 0-20° 



TRAPEZIUM 



RAPEZOI& 




sADIUS 



STYLOID PROCESS OF 



SCAPHOID 



ULNA 

STYLOID PROCESS OF ULNA 

LUNATE 

TRIQUETRAL 
PISIFORM 

HAMATE 

| 

CAPITATE 



Fig. 99 Anatomy of the wrist 




96 Fractures and dislocations 

Injuries of the Wrist 

The wrist is the foundation of the hand, and as such wrist injuries which are 
extremely common can disable the function of the hand. They present difficulties 
not only in treatment but in diagnosis due to complexity of the wrist with itsj-21 
separate articulations with their network of ligamentous connections. 

Classification of wrist injuries: 

A. Fractures 

1 . Fractures of the distal ends of the radius and ulna, 

2. Fractures of the carpal bones. 

B. Dislocations 

1. Radioulnar dislocation. 

2. Radiocarpal dislocation. 

3. Perilunar dislocation. 

4. Dislocations of the lunate. 

C. Sprains of the wrist 

. /Fractures of the Distal Ends of the Radius and Ulna 

^These fractures are defined as those occurring within 3 cm of the radioc arpal 
joint. 

Classification 

1. Extracapsular 

a^r actureswith posterior displacement (Colles' fm cluial 
o) h-ractures with anterior displacement (Smith's fracture ). 

2-lntra^jlicju^^ 

^"^T:'"Eprp"h"ysiai fractures (see fractures in children). 



Gollesi fraqture IColles, Abraham, 1773-1843. Professor of Surgery, Dublin.) 

Co lles' fracture is one of the oorrmionest fractures seen in routine pract ice. It 
was Tirst described bv an Irish surgeon (Abraham Colles) in 1 814. It can occur in 
any age group but is more common in the glderJy . T he injury is due to^jaLflfl. 
the dorsifl exed hand pro bably associated with supinatio n leading tn a frpnsmag&A 
Ir^cTnre^nfie^aaTus less than 2.5 cm from the wrist and often th e ulnar styloid 
process is broken off. - 



// Regional 



97 



st Diagnosis (Fig. 100) 

The injured wrist is swolle n, painful and mayshowj^h^^ 
ideJqrrrjJlY'. Palpation o f theradiaTa^ lllna7*^Ty1o^ will oemonstrate 
proximal migration ot tne raaiai styioia process, ffie X-ray appearances 
ate crWaCIeTrW : " — ~~~ 

The six characteristic features of a displaced Colle s' fracture are: aHmr, 
b) ^uDinaJjcj^ c^ojga^Jjg^a^yneiU dld^maJ^nayjajioiT e) radifl^ttjSE 




LATERAL VIEW DEMONSTRATES DINNER-FORK DEFORMITY 




DORSAL VIEW DEMONS- 
TRATES RADIAL DEVIATION 



Fig. 100 Colles fracture 



* 



Treatment 



The treatment is almost always con- 
servative, open reduction and internal 
fixation is rarely indicated. 



P- 



Reduction 




LATERAL VIEW NORMAL AN6LE 



Close d manipulation u nder anaes- 
thesia" is incIicaTea it :ne fracture is dis- 
placed. As a general rule manipulation 
is indicated if th e joi nt line in the lateral 
_yiew of t hP X-ray i r g tiltpH 1 ng_rtr_mnrp" 
posteriorly JFig. 101). 

But in the very old, frail patient 
somewhat greater degrees of deformity 
may be accepted. 




OVER 90% NEEDS MANIPULATION TO REDUCE 

Fig. 101 Displaced fracture 
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Fractures and dislocations 



Reduction Technique {Fig, 102) 

The reduction is achieved by: 

a) Disimpacting the lower fragment by traction applied in thR lina of the forearm , 
b) correcting the radial disp lacement and angulation, c) reducing th fi rinrsaLrl is- 
placemeni ana angulation, and d) lock in ulnar deviation and flpyinn 




• TRACTION AND COUNTERTRACTION TO 
D1SIMPACT ANiD REDUCE FRAGMENTS 

• DIRECT PRESSURE TO ALIBN FRAGMENTS 

Fig. 102 Reduction technique 



Q] Immobilization (Fig. 103) 



This can be achieve rfTnitiallyty a back slab of plaster of Paris , a collar and 
cuff sling should be appffedr-^rCTieck X-ray is taken to confirm the position of 

^Next da y jfi- pp i t i ftnt nh^nH h" ^nm i nnd f»r a dequacy of the rinihtrn and 
tH?TTlr»rfrgg'nf thP swelling 



yyithi 
thfiTpTa? 



n tw o to live 

lafiffir., 




s tha patiant should he sepn with a v/tew in completion of 



The plaster should be removed at 5 weeks and the fracture assessed clinically 
for union, if there is persisting tenderness a fresh plaster should be applied and 
union re-assessed in a further two weeks. 



5 ) E xerc '' 



Exercises and rehabilitation. 



The patient is instructed from the start in elbow, shoulder and finger exercises, 
following removal of the plaster the patient should be encouraged to practice wrist 
and finger exercises preferably in a physiotherapy department. 
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Fig. 103 Immobilization of a Coltes fracture 



# 



Complications 



The observed complications are: 

a) Malunioi-L b) persisting stiffness,, c) Sudeck's atrophy, <j) carpal tunnel syn- 
drome, and e) delayed rupture of the exTensor nollic jsjojjQn^ 



Smith's fracture (Smith, Robert William. 1807-1873, Professor of Surgery - 

-.Dublin) 

This fracture is the reverse of a Colles fracture. It is caused by a fall or blow 
on the dorsum of the flexed hand. The distal radial fragment is tilted and may be 
displaced anteriorly, the fracture is usually impacted. The typical deformity is 
described as a garden-spade deformity. The diagnosis is confirmed by X-ray (Fig 
104). 



TYPICAL DEFORMITY 
"GARDEN SPADE" 





Fig. 104 Smith's fracture typical deformity 
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REDUCTION BY TRACTION AND 
COUNTER TRACTION WITH 
BACKWARD PRESSURE ON DISTAL 
FRAGMENT AND FORWARD 
PRESSURE ON PROXIMAL FRAGMENT 




IMMOBILIZATION IN 
PLASTER WITH ELBOW 
FLEXED, FOREARM 
SUP] MATED, HAND 
AODUCTEO, ULNAR 
FLEXED AND MODERATELY 
EXTENDED, AND THUMB 
W10ELY A3DUCTED 



Treatment (Fig. 105) 

Closed manipulation should be attempted first. If accurate reduction is achieved 
the limb should be immobilized in a full arm cast with the hand supinated and 
dorsiflexed. The position should be checked radiologically at intervals. Failure of 
closed manipulation and/or re-displacement following manipulation is an indication 
for open reduction and internal fixation. 

Intra-articuiar fractures (Barton's fracture) 

r 

This is an intra-articular fracture of 
the lower end of the radius in which the 
anterior portion is involved. (Fig. 106) 
Closed manipulation should be at- 
tempted first. If accurate reduction is 
achieved, immobilization is carried out 
in a long arm cast as in Smith's fracture. 
Failure of closed manipulation is an in- 
dication for open reduction and internal 
fixation. 




Fig. 106 Intra-articular fractures 
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Fracture of the radial styloid 

Fractures of the radial styloid process are relatively unimportant injuries that 
occur as a result of forced abduction of the hand, as well as by a fall on the 
out-stretched hand. 

Displacement is usually slight, and manipulation unlikely to be of value. Plaster 
of Paris cast or a back slab is used to protect the wrist for two to three weeks. 

Fractures of the carpal bones 

Although any carpal bone may be broken, fractures of the scaphoid and trique- 
tral are the most frequently occurring isolated injuries. 




'ractures of the scaphoid 

Anatomy and blood supply (Fig. 107) 

The scaphoid (navicular) is named for its resemblance to a boat. It is the largest 
bone of the proximal row of the carpus, and in most positions of the wrist, spans 
the midcarpal joint and tends to lie in both the proximal and distal row. Its shape 
and its location are the two reasons which make it the most carpal bone prone to 
fracture. The blood supply of the scaphoid arises from branches of the radial and 
volar interosseous arteries. The vessels enter the scaphoid at two sites, through 
the lateral volar and dorsal surfaces near the waist, and at its distal aspect, the 
tubercle. Those that enter the tubercle supply primarily a circumscribed area in 
the distal part of the bone. The proximal pole has no major vessels entering it but 
receives its blood supply from branches of the main arteries entering at the waist 
and also some vessels which are shared with the carpal lunate. 



CAPITATE 

HAMATE 

PISIFORM 

TRIQUETRAL 
LUNATE 

ULNA 




"RAPEZOID 



TRAPEZIUM 



SCAPHOID 



RADIUS 




SUPERFICIAL PALMAR ARTERY 



Fig. 107 Anatomy and blood supply of the scaphoid 
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* 



Mechanism of injury 



Although the scaphoid is c ounted amongst the proximal row of the carpus , , its 
■■ distal ha l f - in-fac r occ upies tne plane of the distal row of bones. Any force which 
tends to Hex or extend the mid-carpa l pint will tend to shear through the waist of 
t he ALetphu i U whos e proxifrial pole is tethered to the lunate and distal pole is 
t ethered to the capitate, trapezoid and trapeziurn. If the force is such that the 
mid-carpal j oint dislocates, this is usually associated with a fracture throu gh the 
scaphoid. If the force is insufficient to dislocate the mid-carp al joint, a simple 
"frac ture of the scaphoid resu lts. — - 

-X Diagnosis (Fig. 108) 

Fractures of the scaphoid may be suspected when there is complaint of pain 
on the lateral asnec tjoj t.he-umsJ.f o I lowing any in jur y. Tenderness in the anatomical 
snuff box is suggestive. X-rays are essential to confirm^ne^iapTTOsi^iri^steclisTr 



the site of the fracture. 



I t tne Clinical features are S uggests hut nn frartnro jg coon r>n Y-ray aftjrmy 

frequently happen, treatment should start as for a definite fractur e then X-rays 
should be repeated ten TO fOUr reen days later when due to resorption o fixme a 
fracture line may beseen. 




TENDERNESS IN THE ANATOMICAL 
SNUFF BOX 




A. OBLIQUE FRACTURE 
opTH'E'"Tr 



10% 




50% 




40% 



S. TRMI SlYER&E FRACWftfe 
OF THE WA.IP. T 



C. COMMINUTED FRACTURE 

QF PROX1MA1 POi.F •: 



Fig. 108 Fracture of the scaphoid 



,■• 
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Treatment and prognosis (Fig. 109) 



1 .SutSgectefHractL^ H no fracture is visihip nn thp initial rar tographQ tho 
WsfisHTtmoEfllZe^n^ ^Caphniri plater At thp and rrffh*in iAiaokcI^>->«ri e t j s 

radiographed again, If a fracture line is evident at this tim57~trgarrn ent in plaster 
Ot Pans IS continued. I f no fractur e linaJg-aui dant tull re covery ran hg anhnpateH 
within a week^ or so. 



'we 




'. Definite fracture: Immobilization in a scaDho id-nla&ter is continued ffi 
jy^dniteri rariinln ninnllv Pit the an d nf th i s -Kma- ins wriqf j s a f fl f rpp andW 
•pgcoygry sh ould occur in about one month. If flie fracture, hac fa i l ed tn unite fry__ 
eight weeksa further period of tre atment for ei ght weeks i$ c ontinued 

~lt evidence ot healing is not apparent, eyen after prn innged..immohiJizatJna 

operative t reatmen tjTTust ^ be jsoo sideced, Operative treatment for simple non-union 
I ttepBrrds _ upon whether or not there is a coexisting traumatic arthritis of the wrist 
joint. 

^^flmjfljflP nnt Qornnlicateri h y. a traumatic arthritis: A bone graft may be 
inserted across the fracture site. It should fit well into the fragments, which should 
then be impacted. Immobilization should be maintained for at least 10 weeks 
postoperatively. 




SCAPHOID PLASTER 








A FRACTURE OCCURING DISTAL TO THE 
ENTRANCE OE'THE BLOOD- -SUPPLY- AT JMl WAIST 
PERMITS BOTH FRA.6MEMTST0 BE VASCULARL2ED- 



=RACTURE OF THE PROXIMAL POLE. THE 
; -■ ACTURE UNEINTERUPTS "SATISFACTORY _ 

- SCULARIZATION Of THE PJlOXlMALfRAG-* 
•■'HNT. THEREFORE, TH ERE IS A HIGH 
T31L)bNL,b OnWASC-iJL'AR NECROSIS. 




FRACTURE OCCURRING JUST PROXIMAL TO THE 
ENTRANCE OF THE BLOOD SUPPLY AT THE WAIST INTER 
RUPTS THE BtODD.SUBPL>f-TO-T-HE-PRGX-lMAi-FRft6-- 
MEMTS'WtiiCH THEN BECOMES POORLY VASCULARIZED 



Fig. 109 Treatment and prognosis ot scaphoid fracture 
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b) No nunion with traumatic arthritis: When this complication is present, a painful 
disability of the wrist will persist even though union of the scaphoid is brought 
about. Therefore, arthrodesis o.r excision of part of the proxi mal carpaUow must 
be considered. 



i 



Complications 



SUP 



31 



The observed complications are: 

a) Sudeck's atrophy, b) nonunion. £|_avasculaijje < cjaa&fc an d^ 



osieo-a 



rosis. 



ost-traumatic 



1 



Fracture of the triquetral (Fig. 110) 

Fractures of this bone are usually in- 
significant flake fractures of the dorsum 
of the bone. They are usually caused 
by a fall on the flexed wrist held in radial 
deviation. 

Pain, swelling and tenderness on the 
dorsum of the wrist are nonspecific and 
the diagnosis is only made by identi- 
fying the avulsed flake of bone on late- 
ral X-ray projection. 

Treatment is simple, the wrist is pro- 
tected by plaster back slab for two 
weeKs. 



<^> 




Fig. 110 Fracture of the triquetral bone 



weeK 
whisk 



islocations of the wrist 



Because of the stout ligamentous structures that surround the articulations 
between forearm and hand, and between the carpal bones themselves, dislocation 
is far less common than fracture of the comparatively weak distal radius. An 
exception of course is dislocation of the distal end of the ulna that occurs as a 
complication of extension-compression fractures of the lower end of the radius. 

Radio-ulnar dislocations (Fig. 111) 

These dislocations usually occur as 
a complication of fractures of the lower 
radius. The dislocation is forward in the 
common extension type of fracture, and 
backward in the rare flexion type. 

The displacement is usually reduced 
when the fracture is reduced, and no ehd S o f L the S !£na TIQN 0F DlSTAL 

special treatment is needed. „„ „« „ rf 

Fig. 111 Radio-ulnar dislocation 
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Radiocarpal dislocation (Fig. 112) 



These dislocations are rare. When 
they do occur, they are usually poste- 
rior, the proximal row of carpal bones 
lying on the dorsum of the radius and 
ulna. For this type of dislocation to oc- 
cur, all of the ligaments around the ra- 
diocarpal joint are either ruptured or 
torn from their bony attachments. The 
extensor tendons are stripped away 
from the dorsum of the radius. The fle- 
xor tendons and nerves are stretched 
across the lower border of the forearm 
bones and may be seriously injured. 
Usually there is an associated fracture 
of the posterior articular margin of the 
radius. Occasionally, both styloid pro- 
cesses are torn away. 




DORSAL DISLOCATION OF THE 
CARPUS AT THE RADIOCARPAL 
JOINT 

Fig. 112 Radiocarpal dislocation 



Treatment 

Because shearing pressure on blood vessels may seriously interfer with the 
circulation of the hand, prompt reduction is mandatory. This is accomplished by 
direct traction until the proximal carpals slip over, or can be pressed over, the 
lower end of the radius. 

The wrist should then be immobilized in moderate dorsal flexion by a circular 
cast that extends from the base of the fingers to the middle of the upper arm. This 
should be maintained for 5 weeks, by which time the ligaments will have healed. 
The wrist is then wrapped with adhesive to discourage excessive movement, and 
use of the hand is commenced gradually. 

Peri-lunar dislocation (Fig. 113) 



This term designates dislocations in which the lunate remains in its normal 
-elationship with the radius, but the other bones of the proximal row of carpals are 
displaced dorsally to lie on the radius. This type of dislocation is produced by a 
*"all on the extended hand where the force ruptures the posterior ligaments instead 
of fracturing the distal radius. It occurs more frequently than the isolated disloca- 
tion of the lunate, described below. 

Frequently, there is an associated fracture through the waist of the scaphoid. 
.Vhen this occurs, the proximal fragment remains with the lunate, in normal align- 
ment with the radius, while the distal fragment accompanies the triquetral in dorsal 
: splacement. 
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A- P 



LATERAL VIE.W 




Fig. 113 Perilunar dislocation 



Diagnosis 

The deformity resembles that of a Colles' fracture (dinner fork deformity) the 
diagnosis is confirmed by X-ray, particularly in the lateral view. 

Treatment 

With the patient under general anaesthesia, the surgeon grasps the hand and 
applies strong traction with the wrist in dorsiflexion. At the same time the opposite 
thumb exerts pressure on the displaced carpals. When the carpals have been 
brought into their normal position, the wrist is carried into the neutral position by 
gradual flexion. 

The wrist is then maintained in slight dorsiflexion with plaster, which is carried 
two-thirds up the forearm and extends to the palmar crease. This is maintained 
for six weeks. X-ray should be repeated several times following immobilization, 
because the dislocation may recur from muscle pull even with a well-fitting cast. 

Dislocation of the lunate (Fig. 114) 

In a severe fall on the hyperextended hand, the lunate may be squeezed 
through the volar ligaments, so as to lie partially or wholly within the carpal tunnel 
and thus impinge on the median nerve. In almost all cases, the bone remains 
attached to the palmar radiocarpal ligament through which it derives its blood 
supply. 

Diagnosis 



Swelling and localized tenderness is present over the volar aspect of the wrist. 
The fingers are held in slight flexion. Flexion of the wrist is limited and painful. 
Within a relatively short time, hyperaesthesia or anaesthesia of the palm and 
fingers on the radial side of the hand may be present due to pressure on the 
median nerve. 
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3RD METACARPAL 

CAPITATE 
TORN! LIGAMENT 
RADIUS 



DISLOCATEP 
"LUNATt BONE- 



DISLOCATION OF LUNATE 
3QNE 





REDUCTION: WITH-TRACTIQW APPLIED TO DORSIFLEXED 
HAND AND COUNTER-TRACTION TO FOREARM. PRESSURE 
iS MADE BY OPERATOR'S THUMBS OVER THE DISLOCATED 
lUNATE 50NE TO PUSH IT DORSALLY INTO POSITION 




AS THE BONE IS FELT TO RELOCATe, THE HAND 
IS BROUGHT INTO FLEXION WHILE MAINTAINING) 
THUMB PRESSURE AS 1VELL AS TRACTION AND 
COUNTERTRACTIOM 



THE WRIST IS IMMOBILIZED [N ABOUT 20 
DEGREES FLEXION FOR 3TO 4 WEEKS BY A 
POSTERIOR. SPLINT OR FOREARM CAST, WHICH 
MAY BE BIVALVED TO ALLOW FOR SWELLING 



Fig. 114 Lunate dislocation - diagnosis and treatment 



Treatment 



Reduction should be accomplished as soon as possible. With the patient under 
general anaesthesia, moderate traction is applied to the dorsiflexed hand. At the 
same time, pressure is made with the other thumb over the dislocated lunate to 
push it dorsaliy into its normal position. As the bone is felt to relocate, the wrist is 
brought into a mild degree of flexion. 

The wrist is then immobilized in about 20° flexion for three to four weeks. 

With early reduction, prognosis is excellent. However if neglected, closed re- 
duction may be impossible, and open reduction is required. In dislocations that 
have been present for two months or more, both the bone and its cartilage will 
become softened. If this is so, it may be better to excise the bone. 



1 08 Fractures and dislocations 

Sprains of the wrist 

Despite the strength of the wrist ligaments, sprains are fairly common, resulting 
from hyperextension, hyperffexion, or torsion. 

Every sprain should be X-rayed in order to rule out a fracture or dislocation, 
particularly of the scaphoid and lunate. Pain is severe and disability often com- 
plete. Swelling is usually moderate, but may involve the entire carpal area. Tender- 
ness may be limited to the dorsal or volar surfaces, or be circumferential. 

Depending on the severity and circumstances, immobilization may be provided 
by an anterior plaster cast from the palmar crease to the midforearm. In less 
severe cases, an elastic bandage or adhesive strapping may suffice. In all cases, 
the hand should be elevated to help in reducing the swelling. 
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BONY INJURIES OF THE HAND 



rf) 



The injuries which may affect the hand skeleton'^ are either fractures of the 
metacarpals and phalanges or dislocations of the metacarpophalangeal and inter- 
phalangea! joints. The injuries may be due to both indirect and direct trauma, 
those due to direct trauma are commonly associated with much soft tissue damage 
including open wounds. 



A. Fractures 

The Thumb 

The thumb is liable to fractures of the metacarpal and phalanges and a meta- 
carpo-phalangeal and interphalangeal dislocations. There are two injuries which 
require special attention, the Bennett fracture subluxation and fractures of the 
base of the first metacarpal. In other injuries, the management does not differ 
significantly from those of other finger injuries. 



IB META 
CARPAL 



TRAPEZIUM - 



TENDON OF 
A SOU C TOR 
POLLICIS LIN6US 



»* 



INTRA -ARTICULAR FRACTURE 
3f BASE"' OF 1ST METACARPAL 
-BrO'Nt "^ 





SURGICAL FIXATION OF THE BENNETT 
INJURY IS P0S18LE USING A SMALL SCREW 



Fig. 115 Bennett fracture-subiuxation 
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Bennett fracturesubluxation (Fig. 115) 

(Edward Bennett, 1837-1907. Professor of Surgery, Dublin) 
-jl This injury results from hyperextens inn nf trm thnmh anH nrrairs commonly as 

a result of a sport] particularly "SoxTng, The diagnosis is unlikely to be "iade withouT 
radiographic examination. The fracture line runs obliquely into the middle of the 
articular surface, resulting in the complete separation of a triangular frag ment. 
This separation is increased, and tends to be perpetu ated h y th«* pi ill nf the abduc- 
tor poTicis longus o n the radial side of the base of the remain der of the bone. 

Treatment 

■.■BiiMflflw iR IJRIjallv easy . Maintenance_oj_QQsllc 
acnieved by accurately fitting plaster, OMntemaHlxatiorr 



i 



Fracture of the base of first metacarpal 
(Fig. 116) 

This fracture is usually due to flexion 
injury. Clinically, it cannot be differentia- 
ted from the Bennett fracture. In most 
cases, no reduction of the deformity is 
necessary, if angulation is excessive re- 
duction can be achieved by pressure 
over the metacarpal head. 

Immobilization is achieved in sca- 
phoid type plaster for 3 to 4 weeks, 
functional recovery is usually full at the 
end of six weeks. 




Fig. 116 Fracture of the base of first 
metacarpal ' 



Metacarpal fractures (Fig. 117) 

The shafts of the metacarpal may be injured by indirect trauma transmitted via 
the flexed finger or direct trauma. Indirect trauma fractures are usually restricted 
to one metacarpal and are long, oblique shaft fractures. Direct trauma injuries may 
affect one or more metacarpals and are usually transverse, with or without commi- 
nution. 



Diagnosis 

The diagnosis is not difficult. There is swelling on the dorsum of the hand and 
tenderness restricted to the affected metacarpal or metacarpals. In late cases, 
after the lapse of a day or more, bruising in the palm of the hand is frequently a 
notable feature. There is rarely any difficulty in recognising these injuries radiolo- 
gically. 
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INDIRECT (ROTATIONAL) FRACTURES 
OF THE METACARPALS MAY BE PRO- 
DUCED BY ROTATION OF THE FLEXED 
FINGER. 




DIRECT VIOLENCE FRACTURES 
OF THE METACARPALS PRODUCES 
TRANSVERSE FRACTURES. 



Fig. 117 Metacarpal shaft fractures 



Treatment 

Isolated fractures of one metacarpal require no special measures, if due to 
direct violence. The fracture is adequately supported by the adjacent metacarpals 
and bony union usually occurs within about six weeks. Active use of the fingers 
and hand should be encouraged early to maintain function and plaster immobilisa- 
tion is not usually necessary. Occasionally, the hand is very painful and a iight 
posterior back slab relieves pain during the first few days. Although some residua! 
deformity may occur is it not significant and the functional results are excellent. A 
return to normal activities is possible between two and six weeks. 



When several metacarpals are af- 
fected by a direct trauma, the stability 
of the metacarpus is lost and maf-union 
will occur which may interfere with func- 
tion. These fractures are impossible to 
control by conservative means and 
operative treatment with internal fixa- 
tion is desirable. (Fig. 118) 

Isolated fractures, or multiple frac- 
tures, of the metacarpals due to indirect 
violence (rotational fractures) may be 
associated with residual malrotation. 
This can only be determined by flexing 
the fingers. (Fig. 119) 




Fig. 118 Interna! fixation for multiple 
metacarpal fractures 
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If there is any malrotation the fingers 
deviate on flexion. The malrotation 
must be corrected by manipulation. 
Once reduced, the deformity can be 
controlled by taping the fingers to- 
gether. Active use of the hand and fin- 
gers is allowed immediately. The frac- 
tures are usually stable in two to four 
weeks at which time the finger strap- 
ping can be removed. 




Fig. 119 Malrotation 



Fracture of the metacarpal neck (Fig. 120) 

Fractures of the metacarpal neck particularly the fifth commonly result from 
punching injuries. 

Fractures with slight displacement 
are best left undisturbed. The residual 
deformity is slight and the functional re- 
sults are excellent. Fracture with consi- 
derable displacements are reduced by 
direct pressure. If the reduction is stable 
it can be held by a plaster. If the reduc- 
tion is unstable, the small distal frag- 
ment can be transfixed after reduction 
by a Kirschner wire. 




Fig. 120 Fracture of the metacarpal neck 



Phalangeal fractures 

1. Fractures of the proximal and middle phalanges 

These fractures are common and if incorrectly treated may give rise to dispro- 
portionate degree of disability. The treatment depends on the type of the fracture 
and degree of displacement. 

'(a) Undisplaced fractures (Fig. 121) These are stable fractures which may 
be solitary crack fractures, comminuted fractures and various minor avulsion frac- 
tures. The treatment of these injuries should be as simple as possible, and rigid 
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AVULSION FRACTURES OF THE BASE 
OF THE PHALANX ARE PRODUCE p BY THE 
LIGAMENTS ATTACHED TO THE SONE. 



tu„ £u^„k^ ACTLJRES 0F COMMINUTED FRACTURES OF THE 

PHALANX ARE MORE IMPORTANT 
BECAUSE OF THE ASSOCIATED SOFT 
TISSUE DAMAGE. 




Fig. 121 Undisplaced phalangeal fractures 

splintage is generally contraindicated treatment being aimed at regaining function 
as rapidly as possible. The simplest form of splinting is provided by using a small 
strip of zinc oxide tape to tape the tip of the affected finger to a related undamaged 
finger. This provides stability and acts as an 'active' splint, reinforcing the flexion/ 
extensor power of the affected finger. 

Undisplaced fractures of the phalanges require protection for two weeks or so 
and the functional end result is usually good. However, some permanent residual 
joint stiffness is not uncommon, especially in comminuted fractures. 



(b) Displaced fractures (Fig. 1 22) The common injuries are extension injuries 
of the neck or shaft of the phalanx and fractures of the condyles. Fracture of the 
neck, shaft and base of the phalanx are usually stable in flexion and can be 
-educed by traction upon and flexion of the finger, The reduction is maintained by 
splinting the finger using e.g. Zimmer splint. Care must be exercised to correct 
any rotational deformity by checking that the adjacent, undamaged fingers flex in 
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K-WiRE 



Fig. 122 Displaced phalangeal fractures 



parallel lines. The acutely flexed position necessary in the initial stages leads to 
irrecoverable flexion deformity if adopted for more than ten to fourteen days. 
Fortunately, these fractures are usually stable by this stage and remobilization can 
be commenced by taping the injured finger to the adjacent undamaged finger, as 
in the treatment of stable fractures. Active splintage of this type is continued until 
the fracture is sound (usually a further two to four weeks). 

Condylar fractures cannot be adequately controlled by conservative means. 
They are best treated by early operation with wire or screw fixation. Whatever 
treatment is applied to these displaced fractures the functional result is usually 
less than perfect as some residual restriction of movement, particularly extension, 
commonly results. 
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2. Fractures of the terminal phalanx 
(Fig. 123) 

Fractures of the terminal phalanges 
usually occur as the result of crushing 
injuries. Although the bony injury is of 
little significance bleeding from the can- 
cellous bone produces a subungual 
haematoma due to leakage of blood 
through the lacerated nail-bed. 

The tension produced is acutely painful and readily relieved by drilling through 
the nail with a sharp scalpel or needle. Once the haematoma has been released 
pain relief is immediate. No active measures for the fracture are necessary, but 
active movements should be encouraged from the outset. 






Fig. 123 Fractures of terminal phalanx 



Ma//er finger 

Avulsion of the extensor insertion 
(mallet finger) is a common injury. Any 
finger may be affected and the injury is 
usually due to relatively mild injury. The 
deformity is typical and there is no diffi- 
culty in making the correct diagnosis. 
I Fig. 124} 



^pwEgSSE 




Fig. 124 Mallet finger 



Treatment (Fig. 125) 

Treatment is difficult because the tendon end retracts so that healing is imper- 
fect and occurs with lengthening, with the result that some residual deformity is 
nevitable. The disability produced by a mallet finger however is negligible once 






Fig. 125 Treatment of mallet finger 
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the pain and swelling have subsided. Immobilization of the distal interphalangeal 
joint in extension for eight weeks is frequently recommended. Surgical treatment 
by tendon repair is not indicated because the tendon is too fine to hold a suture. 
Surgical treatment is only indicated if the deformity is associated with a fracture 
of the phalanx in which case the fragment should be re-attached with a small pin. 



6. Dislocations 

Carpo-metacarpal dislocation of the 
thumb (Fig. 126) 

This injury results from forcible 
hyperextension of the thumb. It is com- 
mon in children. In a number of cases 
there is 'button-holing' of the capsule 
by the metacarpal head and closed 
methods of reduction will fail. Never- 
theless, manipulation shouldbe tried first 
in all cases, if that fails open reduction 
is indicated. 




Fig. 126 Carpo-metacarpal dislocation 



Carpo-metacarpal fracture subluxation 
(Fig. 127) 



Injuries of the carpo-metacarpal 
joints are usually fracture subluxations 
which result from violence transmitted 
along the metacarpals. The fractures 
are usually dorsal chip fractures of the 
distal row of the carpus with dorsal 
subluxation of one or more of the meta- 
carpals. 

Treafmenf 

Although any metacarpal subluxa- 
tion reduces readily it is unstable and 
can only be maintained by operative fi- 
xation of the fractures, usually with 
Kirschner wires. 




Fig. 127 Carpo-metacarpal fracture subluxation 
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interphalangeal dislocations (Fig. 128) 

Interphalangeal dislocations are 
usually posterolateral dislocation. They 
are reduced by traction on the finger 
and once reduced are usually stable. 
Active movements should be encour- 
aged by taping the affected finger to an 
adjacent normal finger. Although the 
functional results are satisfactory, some 
residual loss of flexion and extension is 
usual as a result of capsular damage. 





Fig. 128 Interphalangeal dislocation 
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INJURIES OF THE SPINE 

Basic Anatomy (Fig. 129) 



( f 



r) 



TOsgjj^^giumi ^cQnsists ot blocks - vertebrae - stacked one on top ot the 
other^mer^are33vertebrae (7 cervical, 12 thoracic, 5 lumbar, 5 sacral (fused 
intooneTawTTc^ 

fl&srfourarTicular processes , 



laejwo "transverse proc es,ses*anti -- 
a spinous process. The vertebral bodies articulate po steriorly between adjacent 
cimcuiar tacets w hich are true synovial joints, anteriorly the bodies are joined b y 
the intervertebral disc. The s pjn^l nerves le ave the vertrebral canal via thp> intprver-_ 
tebral foramina w hich are bounded anteriorly by the intervertebral disc, above 
and below by the pedicles, and posteriorly by the facet joints. 

Stability of the vertebral column is mainly de pend ent upon the posterior liga- 
mentous structur es (posterior complex) whi ch consists of; , Supraspip o^s. I nterspi- 
nous, liaam^oLLUiiJlaviJJI i an d the facet joints, and to a much lesser QxtenLa a-the 
anterior structures which consists of the in tervertebral disc with thfe-assoetated 
artteiiu i and puMtJ ll oT l uiig itudlnaTliaaments. In spina] iniurv. the integrity of these 
yilUelUlfcJs will determine the type of the fractu re . (1) Stable fractures in which the 
posterior complex i s intact t he cord is rarely damaged. (2) Unstable fractures in 
wlllCM th'B post erior complex is damage d, the cord may have been damaged but, 
it it nas escaped, it may be injured by subsequent movement. 

The spinal column provides the following mechanical functions: 

1 . Axial support for the trunk. 

2. Flexibility to permit movement and locomotion. 




ISTHMUS ( PARS SNTERART1CULARIS) 

LAMINA 

INFERIOR ARTICULAR. PROCESS 

PEDICLE — 

INTERVERTEBRAL FORAMEN 
SPINOUS PROCESS 
INTERSPINAL LIGA.MEWT 
SUPRASPINAL LIGAMENT 



SUPERIOR, ARTICULAR 
PROCESS ( SHOWING FACET 
TROPISM) 



TRANSVERSE PROCESS 

INFERIOR ARTICULAR 
PROCESS 

LISAMEMTUM R.AVUM 

ILIOLUMBAR LIGAMENT 



Fig. 129 Anatomy of spinal column 




POSTERIOR 

LONGITUDSNA^ 

LIGAMENT 
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3. Protection: 

a) Shield for cord and nerves. 

b) Shock absorption ability of the intervertebral discs prevents jarring of the 

brain. 



Mechanism of Injury and Pathology 



The forces which may be applied to the vertebral column are: 1. Ffexion, 2. 
hyperextension, 3. compression, and 4. shearing (specially rotation). 

N.B.: For sake of simplicity, avulsion fractures of transverse or spinous pro- 
cesses and penetrating injuries will not be considered in this section. 

1. Flexion force ( Fig, 130) 

Forward hinging injuries are most common in the lumbar and dorso-lumbar 
"spine follow ing a fall in the bent position or a weight falling on the bent back . 

To a lesser extent, this injury may occur in cervical spine, but it rarely inv olves 
the thoracic spine which is secured bv the ribs. 




Fig. 130 Flexion injury 



D athotogy 



S^JBQGIMl Wedae fracture. 
J^^aaatffllBfeL USualfy not affected. 

. : : :rf: . I{t y. p ostar ; or complex f s intact and so fracture is considers 



((stable) 
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Fig. 131 Hyperextension injury 



^H^Qe^xtensio^JorceJflg, 131) 

These injuries are mostly seen in the cervical region and, to a lesser ex tent, in 

the ! urn bar spine. 

Pathology 

Hyperextension injury of the cermal spine may lead to: S*S 

aj^odyjnjur^which could b /jffracture arch of th e. atlas or axir i fljracture 
of the" pedicl e of C2 f Hangman's ITgcture^ - uns tabletyjiL Jijprush fracwe of the" 
vertebra l body forcing bone backwards into the cord, an gfrfrffi ccasionaily, instead 
of bone breaking the anterior longitudinal ligament tears?— ^ 

b) Spina! cord- may be damaged/ 

c) Stabil ity The posterio r compl ex is intact in most of these injuries a nd so 
they are conside red stable except in type ii. 

, 3. Compr ess ion force { Fig. 132) 

This force can only be applied to a straight portion of the spine, the thoracic 
spine which is always kyphosed can not suffer compression but t he cervical and 
Jujnb.ar spin as. may sometimes he s traigh t nnri m nn hn rnmprn rrnrl tr - m - n f all 
from a height affecting lumbar spine or diving injuries affecting the cervical spine. 

Pathology 

a) Body: Vertical, burst fracture occurs. 

p) Spinal cord: usually not affected, but may be damaged by backward dis- 
placea fragments. 



c^Stabilitg posterior cnm,p|py ig intact and «^n franfure is considered stable. 
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Fig. 132 Compression injury 



■ i. Shearing fcneiniailv mtatinQ JJfflwJFln 133) 

Shearing forces tear ligaments and cause instability. Rotation particularly is an 

mportant cause of ligamentous damage. Usually the rotation is associated with 

TfeXl6n . I rj jtia [Q mbar spine likely causes are a fall from a"h~eighT with the- body 



Twisted or a weight fa 1 1 i ng a symmetrically onto the back. Most of these in iunes~3re— 
Detween T 1 and L 1 . 



Pathology 

a) Body: Since flexion is commonly associated with rotation, the fracture will 
- ?. wedge type with shearing of a s: ; ce of bens off the top of one vertebra anc 

"e posterior facets may /be fra ctured or dislocated . 

b) Spinal cord: Usually affected. 

c) Stability: fhe posterior complex will be dam aged and so the fracture* is 

: :':?.fll9. 
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Fig. 133 Shearing force 

"he following table summarizes the mechanisms and pathology of spinal column injuries. 



Force 


: . , , 

Segment affected 


Type of fracture 


Stability 


Spinal cord injury 


Fiexion 


££Xm££l 


Wedqe 


Stable 


Usually not affected 




Dorsal 


Many forms 

Burst 


Mostly stable 


May be affected 




Lumbar 


Hyperext. 


Sffliffci 




4MfflXlk 


Stable 


May-bjB-affected bv 


Compression 


Cervical 




Lumbar 


Unstable 


backward displacement 




-Cervical . 


Body: slice of bone. 


of bone. 


Shearing 


Usually affected.. 




Dorsal. 


Facets: frgotnrR nr 






Lumbar 


djsjfjcaiioo — 




^^ 



Diagnosis of Spinal injuries 

; Histon 



A careful history of exact circumstances and nature of the accid ent and of the 
presenting symptoms is important. 

Any patient who complains nf j^yerfi pain in tt^ h^nf< with or without Inss rr 



a 
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sensation or rnot nr nnnimLfn ilowinn trauma should be regarded as having a spinal 
injury until it has been proved otherwise. 

E xamination 

During examination, every effort should be made to prevent all active and 
passive movements of the spine to avoid the possible damage of the spinal cord 
in unstable injuries. 

1 ) General examination^ 

T he_patient with spinal iniurv h a s sustained severe trauma wh ich miabLnau.se _ 
multiple injuries, It must be remembered that those injuries especially in a quadri- 
plegic, are silent and the patient must be examined for head injursesichest injuries, 
abdominal injuries, and associated fractures of the extremities^ ^fJQCK 

^^^^examinatjon 

The spine should be carefully examined by inspection for abrasions, haema- _ 
toma an d ^Hr"'^ ' P al Prlt p K? r tenri p rn p c i c i and f n r n jn[ ' | i an.i ooncprnnng pn> 
cesses. The presence of a gap indicates unstable injury. 

3) Neuriogicai examination 



A detailed neurological examination of the patient should be cond ucted, re- 
cording the Precise level ot sensory an a motor deficits using standard dermatome 
and myotome references (Fig. 134). All deep tenHn n refieveg and supgrf irhl refl e- 
xes sh ould be checked including those ot the superficial ab dominal the cremaste- 
rin and th ,ff plP ntgr rgflav fRahincki <?\gn\ 

&. Investigation. 

a) Routine X-rays 

X-rays of the injured areas should be taken, and the positioning of the patient 
must be done carefully to minimize all active and passive movements of the spine 
and so prevent further damage. X-rays of cervical spine must include adequate 
views of the first two vertebrae (including films through the open mouth for the 
odontoid process) and the cervico thoracic junction. 

In addition to routine AP and lateral views, oblique views may be needed for 
visualization of the facet joints and neural arches. 

b) Tomograms an d Computerised Tomography (C.T. scan) 

These may be useful for clarifying injuries to cervicothoracic junction and the 
dorsoiumbar spine. 
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FUNCTION 




MUSCLES 



o 



SEGMENTS 



"^^ 



INSPIRMlON 



DIAPHRAGM 



C3, 4.5 



ELBOW FLEXORS \, B RWCHIAUS ./ 



C5, 6 



WRIST EKTFMSOR EXTENSOR CARPI RMHM.IS rA -, 



LONGlJS AND BREV1& 



ELBOW EXTENSOR TRICEPS BRACHIl 



C7,.S 



HftWMTMNflCS {VSBffSgU*} 



Cft Ti 



HIP ADDUCTORS ^o^rwis ^" 5 



L2, 3 



KNEE EXTENSORS QUADRICEPS 



L3, 4 



ANKLE DORSl FLEXORS TIBIALIS ANTERIOR 



L4, 5 



fiREMTDt EXTENSOR ^^1°* HALUJC1S 



L5, SI 



AMKLE ~"~ £ GASTROCNEMIUS"! 

\ SOUEOS J 



PLANTftRflEXORS 



Si, 2 



ANAL SPHINCTER 



SPHINCTER ,x(ji 
EXTERNUM 



S2, 3, 4 



Fig. 134 Sensory and motor impairment related to the level of spinal cord injury 
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Fig. 135 Lifting a patient with suspected spinal injury 

c) Myelography 

Myelography for evaluating spinal cord injury is a controversial subject. On 
some occasions, it may be used to establish sites of obstructions if surgery is 
contemplated. 

d) Magnetic Resonance Imaging (M. R. I.) 

This modality helps in evaluating difficult fractures as it shows bones and soft 
tissues more clearly. 

Management of Spinal Injury 



1) Rescue End first aid treatment {Fig. 135) 



Every effort should be made by the rescuer, at the scene of the injury, to 
prevent all active and passive movements of the spine specially the cervical spine . 
Recent evidence has shown that early expert handling of the patient by trained 
personnel have diminished the incidence of further spinal cord damage. 

After ensuring that vpntilatinn and circula tion are adequate, the patient sho uld 
;e rotied onto his back, He should lossiiy be transferred to the ambulance after 
strapping him to a board or a prepared s pljnt'piarpri hf*hin*1 vr v w ^ r his back ancT" 
neck. If this is not available or cannot be achieved, the patient must beiiftecTby 
three or four people who should maintain horizontal stability and longitudinal trac- 
tion. Following that, the patient must be transported to the nearest hospital where 
emergency life saving measures can be carried out if needed. 
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2) Management in hospital 

The management depends on the presence or absence of spinal cord injury as 
weil as on the stability of the fracture. 

1. The management of spina! 'mluhesjA/jthQjiij2mjmLd2aaQ£^ 
a^SifaWejyyggjj' Le. Flexion, compression and hyperextension injur ies. 



These injuries are considered stable, and since displacement of the fracture is 
unlikely, the aim of the treatment is to relieve pain. 
The conservative method is almosTalways used. 
i) Reduction isjj oj-oacessapyr 

ii) Immobilization can be achie ved by a cervical collar in cerv ical spine 
injuries or by external suppoTf f n lower dors al anri i,,mhq r jpfurifi s. QccasioTianva 
piaster j acket may be needed in painful burs t fractures. Immobilization can be 
discarded aner 4 to 6 weeks and followed by gradual exercises. 



I 



b) linxtehle injuria Shearing injuries ) 

These injuries are unstable due to severe disruption of the posterior complex. 
Further displacement of the fracture and the possibility of neural damage is likely. 




MT1M. INJURY 



HECK. D1STRACTE 



Fig. 1 36 Reduction of cervical spine dislocation by traction 
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In cervical injuries the fracture may be associated with unilateral or bilateral facet 
dislocation. Displacement of more than one half of the width of the body bs seen 
on a lateral X-ray indicates bilateral facet dislocations while displacement of less 
than half the body indicates unilateral dislocation. 

The aim of the management of these fractures is to achieve stability and prevent 
'urther neural damage. 



/ fy The cervical spine \ 

^gdj^Jjo^pf the dislocated facets should first be attempted by skull traction 
Fig. 136) using tongs, the neck is progressively distracted in slight flexion using 
a gradual increase in weight up to 15 kg to unlock the facets, this should be 
checked by an X-ray. The neck is then positioned in extension and the traction is 
continued using a 3 to 5 kg weight. 

Failure tn anhifivpt reduction bv traction is an indir aiiofl4e^oj^^^flyfljfijyjfld^ 
jn^ema^Jxatiojr Some surgeons advocate closed reduction by manipulation under 
genera! anaesthesia in the first 24 hours. This method is dangerous and major 
neurological deficit may occur. Unilateral dislocation is usually stable after reduc- 
tion, while bilateral dislocation is potentially unstable. 

Following reduction 6 weeks nf ht*ri rest injr gcjjnr v followe d fry fi m/ppfrg ™ || nf 
peg witn exte rnal support (cervica l collar, Minerva^'aster) is usually sufficient to 
anow Tor neaung of the posterior ligament complex. At the end of this time, if 
spontaneous ankylosis has not occurred and there is still evidence of instability, 
spinal fusion should be performed. 



; 



ii) Dorso lumbar s pine / 

O pen reduction, internal fixation u sing special screws and plates or rods and 
fusion of the injured vertebra is preferred. This method has the advantages of 
restoring alignment, achieving early mobilization and preventing neural damage 
as well as late instability and re-dislocation. 

2. Tfte m anagement of sp/na //n»jr^^/)j2eur^/^Qaflg 
alL^cahnana^FTT^ntof the spine 

Most spinal surgeons today advocate surgical treatment in order to: A IffjC 
i) Restore alignment. * 
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ii) Decompress n e u raj t i s sue. 

iii) Stabilize the sp ine by fixatio n and fu sion . 

iv) Allow early mobilization and thus help in general care. 

Those who advocate conservative management argue as follows: 

i) Al lament j^ anbe-ifistorflH in mapy nas es conservatively hv fraction, .ma- 
nipulation or po sturing. 

ii) Decompression is n oj nece ssary since it has never be en demonstratec 
jhat fragme nts of bone or disc in the neural canaL oiihar n n u nei - tu mme injuryiy 
retard recovery . 

iii) Most injuries exce pt s h earj n g i njuri es are, i n h e re nt I yjstabje^and so o pera- 
fiv e stabilization is unnecessary. 

iv) Som e mobilization can be achieved through active physiotherapy while 
the patient is still confined to bed. 

Both schools of thought agree that s urgery is clearly indicated in the following 
situations: " 

i) Open wounds I jkei gunshot wounds or stab wounds. 
ii) Incomp lete nPT? 1 ir> j l . ir y " fith ^9 t 9 rir ' r ' ati 9 n 
iii) Gross or late instability, 

b) General Management 

Spinal cord injury is not simply a malady of the spine, the loss of spinal cord 
function alters the function of other body systems which must constantly be con- 
sidered during all phases of treatment. 

In patients with cord damage, attention must be directed to: 

i) Care of the skh 






Insensitive skin will develop trophic ulcers very rapidly if subjected to continuous 
pressure. To avoid this, the patient should be turned two hourly and the skin kept 
clean and dry by regular washing and drying with spirit and talcum powder. 

ii) Care of the bladder 

Following a cord lesion, the bladder is paralysed so that it fills until it overflows 
(retention with overflow). The bladder should be decompressed by catheterisation 
until reflex bladder emptying occurs. If infection supervenes, antibiotics are given. 



Paralysis of abdominal muscles and gut wall give rise to constipation and even- 
tually to 'spurious' diarrhoea. Bowel care is directed towards vacuation by enemas 
and giving a low residue diet. 
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iv) Care of the muscles and joints 



Passive movements of the joints through full range should be carried out twice 
a day to prevent flexion deformities. 

v) Psychol ogica^are 

This is aimed. at helping the patient and family to deal effectively with all the 
fTiotionaliy unsettling aspects of this injury. 

vi ) Physical and occupational therapy 

This is aimed at teaching the patient skills to achieve optimum function and 
;<iiis required for self care, such as feeding, bathing, dressing and control of a 
~odified manual or powered wheel chair if the patient is quadriplegic. 

vii) Looking to the future 

Adaptations may be required to the home such as ramps instead of steps, grab 
■andles, hand nails etc. The work of installing these should be started as soon as 

s clear they will be needed. A change of occupation may be required and the 
zatient can use his time in hospital to select and study for a new line of employ- 
lent. ■** 



njuries at Special Sites 

uries of C1 and C2 (Atlas and Axis) 

These are among the most lethal neck injuries. 

J^ (Fig. 137) 




f is verse ligament': although reduc- 
-■nn can .bff achieved -by— traction with 
r>e neck slightly extended, the trans- 
verse ligament heals with co nsiderable 
?ongation allowing subluxation n f thp 

das on the axis. _ For this reason poste- 

- v fUF i pn nf Q1 tn.C2 Jcucu aJly i nriirQ- " " 




Fig. 137 Rupture of the transverse ligament 
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These forces may produce: 

a) Fracture of the anterior arch of atlas 

T his is us ually comminuted and there is rarefy a ny significant displacement. 

JTWamp hpaig wpii it rPQtPrt in a rmi qr Tor aoout 3 months 

b ) Fracture of the Odontoid (F ig. 138) 

These may be either dis n janed or undisplaces 

Undisplaced frac tures/^re not associa ted v^th cord damage . They can be seen 
radioioqicallv it an AH A-ravos-taKen tnrouah tne^ orj o w niot tth ! Immoblization in a 
collar for three months is usually sufficient If thp. fra ntitrpis^ Qiaiai to d.i. n t -fcus-timp 

tne n posterior fus ion ir inrtinatpri ^. ^^ 

Displaced frartur-fts arp often amn moanied b/cQrd jdamaoJ and a fatal out- 
come is common. These fractures often fail to unitVfeeeaws^The odontoid process 
is relatively avascular and so posterior fusi on of C1 and C2 is usually indicated.^ 

3 Vertical mmnmssinn forms 

These forces ra rely product co rd darnaq eYrhev may lead 
ol II H4 JHlnrnl mass nt tha r ttiaOTh n v eft frfipTreatfid in a__CRDzi 





weeks which is time needed for the fracture to heal. 



4. Rotational forces 



These forces may lead t^ub i uxation or dislocation of atlanto-axial facets^ Th e 

dislo cation can be redUCea^ l j'v 'e i Lhfci l 'T inminiiniis skiiii Trartinn nr rj ganipiilatinn 

under general anaesthesia. 





Fig. 138 Fracture of the Odontoid 
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Whiplash injury 



Sudden acceleratio n in motor vehicles is the usual c ause of this injury. The 
diagnosis offnrs condition is of considerable medico legal importance. It can be 
nade from the history, the presence of tenderness in cervical spine on deep 
jaipation of the front of the neck and the absence of radiological signs of fracture. 
Teatment by immobilization in a collar for 6 weeks usually produces satisfactory 
result. 






-vulsion fractures 



These occur as a result of resisted muscle action. 



I n the cervical region, the s pinous Bro^sSjai nR anH n7 ^ an ho atfyleed-fey-tfre — 

Tapezius. I nis injury is raited clay^shov RUei^a frantnm /Fi n 139), Treatment is by 
'est in a collar for 6 weeks. 

In the lumbar region, one or more transverse processes can be avulsed by the 
zsoas muscle (Fig. 140). This injury is treated symptomaticaily. If paralytic ileus 
:evelops, as it may in any lumbar vertebral fracture, it will require treatment by 
gastric aspiration, intravenous fluids and electrolyte balance. 





Fig. 139 Clay shoveller's fracture 



Fig. 140 Avulsion fracture of the transverse 
processes of the lumbar spine 
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INJURIES OF THE PELVIS 

Anatomy (Fig. 141) 



a aisiocauons 



The pelvis co nsists of a bony ring developed from three main bones namely: 
kjpis, mum and Ischium. 

It surrounds and p rotects the pelvic viscera , inwftrjntegfinai tmr^ the urogenital 
structur e's" ana many large vessels and nerves . In pelvic fractures, injuries of these 
son tissues can occur which are more serious than the bony lesion. 

The pelvis also affords extensive muscle attachments for the abdominal and 
lower limb muscles. In the erect position the pelvis is inclined forward with the 
result that the wedge shaped sacrum tends to force the iliac bones apart. This is 
prevented by the sacroiliac ligaments particularly those on the dorsum of the 
sacroiliac joints. 



-ILIAC CREST 




POST. SUP- 
SPINE 

POST. INF. SPWE 

GREATER SCIATIC NOTCH 

ISCHIAL SPINS 

LESSER SCIATIC NOTCH 

ISCHIUM 



ISCHIAL TUBEROSITY 



INF. ISCHIAL RAMUS 



INNOMINATE. 
BONE 



PUBIC SYMPHYSIS 



Fig. 141 Anatomy of the pelvis 

The mechanical functions of the pelvis 



1 . Transmission of the b ody weight. 

2. Protection of : a) Blood vessels and 
pelvic viscera and lowfrr infffStinf 11 trag *- 



and b)^ urogenital structures, 
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Classification of Pelvic Injuries 

1 . Fractures of the pelvis, 
jS'tab'Ie ffrsfcTures; 

i) Avulsion fractures , and ii) Single bone fracture 
b)_Unstable r ' n 9 fra.Qty.reg, 

2. Sacro cocc yg e a I f ract u re s . 

Stable Fractures 



Avulsion fractures 






These are due to sudden uncontrolled effort of the muscles arising from the 



pelvis: 
T. Avulsion of anterior inferior iliac sp i ne by the rectus femoris muscle. . 

2. Avulsion of anterior superior iliac spine by the sartorius musclq 

3. Avulsion of a piece of pub is bv t he adduc tor Jong us". 

These avulsion fractures do not affect the function of the pelvis aox Lare treated 
by rest for few days if necessary because of pain. 



Single bone fractures (Fig. 1 42) 

These are stable fractures, and they do not affect the function of the pelvis and 
are not considered to be serious. There are two injuries which come into this 
category: 

1. Fractures of the ilium and ischium which usually result from a fall. 
"27T-?acfure of a ramus, usually the pubic ramus . This injury is very common in 
the osteoporotic bone of the elderly. 




A. FRACTURE OF THE iLIUM 



B. FRACTURE OF THE ISCHIUM C. FRACTURE OF THE PUBIC RAMUS 

Fig. 142 Single bone fracture 



Treatment 



These fractures do not affect the stability and usually are not a , ssociato 4-with 
injury to internal organs. Treatment is symptomatic by allowing the patient t o rest 
until sufficiently comfortable to commence walking. 
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Unstable ring fracture (Fig. 143) 

In these injuries the bony ring gives way into two places which may affect both 
functions of the pelvis. 



^A The possible mechanisms of injury are/ \ 

1 . Antero-posterior c ompressioiiwhichff ractures the pubic rami on both sides! 

3:Vi; 



2. Hinae force, which is applied to onesDlade of the ilium and opens the pertfis. 
(open book pelvis) 

3. A vertical force flue to a fall onto one leq ,l dausinq vertical displacement of 
the pubis and ilium oft^the same side. 



* 



Clinical picture 

The unstable ring fractures are extremely serious 



j. The incidence of 

visceral damage, retro-peritoneal haematoma and affection of weight transmissio n 
i s high. The patient prese nts with pain and inability to stand or walk and may also 
be unable to micturate. 




COMPRESSION FORCE 



HINGE. FORCE 

Fig. 143 Unstable ring fracture 



VERTICAL FORCE 



On examination, there are signs of jsh ock.d ue to blood Inss. jjrQqenital dam - 
a ge sh ould be suspected {the presence of blood at the external urethral meatus 
is highly suggestive) and abdominal examination for extra or intra perito neal 
damage olt he bladder should be carried out. X-rays will reveal the site, type "and 
extent of the injuries. 

sJ. Treatment of ring fractures 

A. Emergenc^reatment 



This should be directed towards treating jny jjo-volaemic shock, urogenital 
damjyeJ,Fig. 144) and to stabilize the fracture. 

_iVJ3ladder injuries: T hese can be intra or extra peritoneal. O nce diagnosed, 
the treatment is surgical. I he bladder rupture is repaired and the bladder drained 

via catheter. 
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ii) Rupture of the urethra: T his injury should be suspected in any male with 
a pelvic disruption, particularly a pubic symphysis disruption. Clinically the patient 
is usually shocked, there may be considerable scrotal bruising and swelling which 
extends into the perineum, and there is -frequently some meatal bleeding. The 
diagnosis can be confirmed by a retro-grade urethrography using a dilute aqueous 
contrast medium, or by gentle catheterization. 

The treatment of the urethral rupture, is snroinal hv re-alignment and suturing 
of the ends of the urethra. A catheter is left in situ for 3 weeks and the retro-pubic 
space is drained. 




BLADDER RUPTURE 
either INTRA or EXTRA 
PERITONEAL 



--.PERITONEUM 




BLADDER 



PROSTATE 

Fig. t44 Urogenital injury 




RUPTUREQF THE 

MEMBRANOUS 

URETHRA 



PROSTATE 
FUSO- PROSTATIC 

L.LGS . 



B. The treatment of the fracture 



j^j^^^mjjjgggjoj^j^pe. The patient should 




n bed for three 



weeks, during which active mo vement of theJiip -and. ,spTne_are enjcojjr,aafii_FoL 
lowing this, walking a nd norma! weight-bea ring arej commenced. Displacement or 
: affure of union doss .no: Interfere with weight bearing. 

ii)Hina<^vDe^eductionjs possible eithe r by conservative methods in which 
"""g^tt«a<». -o-i^!aai^ip|i | atj | oji_ii ndRr anaesthesia wherein the patient is 
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rolled onto his unaffected side, and the surgeon leans on the affected side and 

methods fail, or 
sed. It usuallylakes cT4 months before the patient 



so closes the pelvis. If closed methods fail , open reduction w ith intArnal %atinn 

. ~lfeeTf1cr" 
cjathed tull activity. 



nr an pvternal fiv; 



Jii) Vertical force type :,The fracture can bfe reduced by l ongitudj fial d^iimi^grH 
pull of the leg on t he affected side und er anaesthesia iMowedbv-ske\e t^4m^nn_ 
for- 6- weeks .The patient is then allowed up with crutches, but should not bear 
weight for 3 months after the injury. 

Sacro Coccygeal Fractures (Fig. 145) 

A blow from behind or a fall into the tail may fracture the sacrum or coc cyx, or 
strain the joint between them. Cl i nically, there rtmdoe c onsideraja iejawisfng --and 
lenderness over the sacrum or co ccvx . 
" X-rays may show a transverse""TTacture of js acrum. a fractured coccyx or a 
normal appearance if the injury was a strain of the sacro-coccygeal joint — — 




FRACTURE 

OF THE COCCYX 




ANTERIOR SUBLUXATION 
OF THE COCCYX 



ANTERIOR DISPLACEMENT 
OF THE COCCYX WITH 
FRACTURE OF THE 5AC- 



POSTERIOR SUBLUXATION 
OF THE COCCYX 



Fig. 145 Sacro coccygeal fractures 



Acetabular Fractures (Fig. 146) 

There are four major types of acetabular fractures. 

i) Fr acture o i\h^r\tBno^MmL Jh\s is uncom mon .anrM^p^ not involve the 
)earina ar ea. 



ii) Fracture of the posterior nil lar: This fracture .involves the weight bearing are a 
and is usuall y associated with posterior hip dislocation. I njury to the sciatic ne rve 
may occur. 

iii)Tranverse fracture. 

iv) Uomple x Fract ure. 

TvTosraeeTaTjuTa^ractures are complex injuries which damage either the anterior 



o r "Posterior segments or both, as well a,s the roof of the acetabulum. These 
fractures are difficult to reduce and the end result is likely to be less than perfect. 
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i FRACTURE ANTERIOR 
PILLAR 



iii TRANSVERSE 
FRACTURE 




ii FRACTURE POSTERIOR 
PILLAR 



IV COMPLEX FRACTURE 



Fig. 146 Acetabular fractures 



Treatment 

Open reduction and internal fixation is justified in young patients because the 
likelihood of post-traumatic osteoarthritis is great. 

In all patients and in cases where there is severe comminution of the acetabu- 
lum 'bag of bones' the treatment should be conservative by traction and encour- 
agement of exercises as soon as possible. 



_ (bmviiv . , . 
ORIP 



ftfir m \w? 
llntjmM injuria 




imitit jjp 




-mm 
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INJURIES OF THE LOWER LIMB 



THE HIP AND THE FEMORAL SHAFT 



Anatomy 






The hip is a synovial joint of ball and socket type and consists of the articulation 
of- the head of the femur in the cup like acetabulum. The head of the femur forms 
two thirds of a sphere and is covered by an articular cartilage which ends at the 
junction of the head with the neck. 

The neck of the femur is a pyramidal shaped section of bone which connects 
the head with the shaft in the region of the trochanters, and in so doing forms an 
angle with the shaft of approximately 135 in the anteroposterior plane, and a 
forward angle of approximately 15 when viewed from above, 'anteversion*. The 
inferior aspect of the neck is reinforced by a buttress of bone called the calcar 
femorale. 

At the junction of the neck of the femur with the shaft, there are two protuberan- 
ces, the greater and lesser trochanters. The greater trochanter is a large cancel- 
lous bony prominence at the upper outer end of the shaft of the femur which can 
be easily palpated through the skin. The lesser trochanter is a conical prominence 
projecting medially at the junction of the inferior aspect of the neck and the shaft 
of the femur. 

On the anterior surface, the trochanters are joined by a rough, oblique ridge of 
bone called the intertrochanteric line which runs from the greater trochanter to a 
point just anterior to the lesser trochanter, and, on the posterior aspect, they are 

FEMORAL HEAD 
GREATER TROCHANTER 




FEMORAL NECK. 



LESSER TROCHANTER, 






ANTERIOR 



Fig. 147 Bony anatomy of the hip 
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: :~nected by a very prominent rounded ridge of bone called the intertrochanteric 
est. The trochanters serve for the attachment of powerful muscles, the hip ab- 
actors (gluteus medtus and minimus), inserted into the greater trochanter and 
~e hip flexor, the iliopsoas, inserted into the lesser trochanter (Fig. 147). 

The capsule of the hip joint takes origin from the rim of the acetabulum and 
: asses distally to be inserted anteriorly, the superficial fibers passing to the inter- 
-Dchanteric line of the femur and the deep fibers to the base of the neck. Poste- 
norly, the fibers of the capsule wind downward and forward in a spiral course, 
enveloping the head and the proximal two-thirds of the neck of the femur en route 
:o their insertion anteriorly. Thus posteriorly, the distal one-third of the neck is not 
:Dvered by the joint capsule. Three accessory ligaments, the iliofemoral ligament 
anteriorly, the pubofemoral ligament interiorly, and the ischiofemoral ligament pos- 
eriorly reinforce the capsule (Fig. 148). 



ILIOFEMORAL LIGAMENT 



PUBOFEMORAL LIGAMENT 




SACROSPINAL LIGAMENT 



5ACROTUBERA 
LIGAMENT 



IOFEM0RAL 
1 6 AM EN T 



ANTERIOR 




ISCHIOFEMORAL LIGAMENT 

ZONA ORBICULARIS 

POSTERIOR 



Fig. 148 Capsular and ligamentous attachments of the hip 



Within the capsule, the hip joint is lined by a synovial membrane except where 
there is articular cartilage. This synovial membrane is raised into several longitu- 
dinal loose folds around the neck of the femur called the retinaculum, in which the 
arteries ascend to supply the head of the femur. 

The arterial blood supply to the femoral head (Fig. 149) is derived from several 
sources, with the major contribution coming from the lateral epiphyseal vessels 
which are branches of the medial femoral circumflex artery. These vessels enter 
the hip joint at the base of the femoral neck predominantly on the posterosuperior 
aspect, and travel along the femoral neck in the retinaeular lining, closely apposed 
to the bone reaching and piercing the head at the junction of the head and neck. 

The clinical relevance of this blood supply is its extreme vulnerability to disrup- 
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-UGAMENTUM TERES 



■FEMORAL ARTERY- 



MEDIAL CIRCUMFLEX ARTERY 
PROFUNDA FEMORIS ARTERY 

LATERAL CIRCUMFLEX ARTERY 




VENTRAL 



DORSM. 



Fig. 149 Blood supply of the femora! head 

tion in femoral neck fractures, dislocations of the hip, or by pressure phenomena 
in tense joint effusions leading to avascular necrosis of the femoral head. 

In addition to the lateral epiphyseal vessels, there are two other sources of 
blood supply to the head of the femur, (1 ) the artery of the ligamentum teres which 
variably contributes 10-30% of the total, and (2) the intramedullary blood vessels 
which travel from the femoral neck after the epiphysis has closed. 




lip Dislocation 



The force required to produce hip dislocation is a major one, for this reason 
patients frequently present with multiple injuries. 

Depending on the degree and direction of the force, the hip may dislocate: (1) 
Posteriorly, (2) centrally, and (3) anteriorly. 






1. Posterior Dislocation 



«j£ TJTjsJsJ]ejT20jt_cfjrnn^^ 

" ^accidents in which the patient's knee strike^Jiie-dasl3hQaid-jfliitb_the h'D ^jjqhtly 
^^naTJcTeeT" 



J+ Diagnosis 



Q) 




Following the injuoy^hb patient complains o f severe^ 
iJjabjUty^JOjr^ove. Trfe" typic al deformity. i Fin. 



.in the. hip region and 
adduction, internal 
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inn-Ekml n 



» LIMB iS SHORTER 

• HIP FLEXED, ADDUCTFD 
AhJD INTERNALLY ROTATED 



Fig, 150 Typical deformity in posterior dislocation of the hip 

rotation and shortening of the affected limb, Since a significant number of sciatic 
nerve injuries follow posterior dislocation of the hip, a careful neurological examina- 
tioivt3Hhe extremity is indicate d. Examination of the knee will frequently demon- 
strfrfeeJe^idejTC^c^H^ abrasion or fracture. Although a 

c I i nifccfT diagnosis is obviou s L X-ravs a re essential to exclude the possibility of 
associated fractures. 



j£ Classification (Fig. 151) 

Posterior dislocation of the hip can be classified into: 

1. Dislocation withrjulij^cjure^ 
^dislocation with a fracture ( fracture dislocation) : The associated fracture may 
belcfrge^singie fracture of posterior rim (the commonest), comminuted fracture of 
acetabulum rim, fracture of acetabular rim and floor or fracture of the femoral head. 

J. Management 

1. Dislocation without fractun 



Anatomical re duction of the dislocated hip should be carried out as an emergen- 
cy so as to minimize the incidence of complications. This can be achieved, almost 
always, by cuiisel native metnod, i.e. closed re duction hy manipulaiian-uoclar 
crerreral anaesthesia, toiiowed by immobilization using tractio n w|t,h thfi h'P in sliflttf 
a btJuUiu ii . Once Uler e is painless motion at the hip the patient will be allowed up 
on crutches. Protective weight bearing is then carried on for a total of 10 to 1-2, 
weeks. 
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Fig. 151 Posterior dislocation of the hip 







Fig. 152 Ailis technique 



Techniques of manipulation 

jLAWjyecj^jgy^most common- 
ly used), Fig, 152: Under general 
a naesthesia the patie nt lifts sn pin&_Q Pi 
hfs back, an assistantimmobilizes th e 
pefvis by pressing downwards -aa-the 
• anterior superior spines, the operator 
then flexe s the hip and knee to right 
' angies wnne mamtaininn thp Inwer sx 



■ ? j'*^,,.^,,,. 



tremity in slight adduc tion and internal 
rotation, the flexed limb is then lifted up- 
ward drawing the head of the femur 
T3ver ihe rim qt tne acetabulurrTa nd" 
tnrough the rent in the capsule. The 
limb is then gently lowered and traction 
for immobilization is then applied. 

^^tim^onJe^hj^jfly^JFig. 153): 
The concept is to use the weight of the 
extremity to aid in the reduction, the p a- 
tient is placed face down and both loweT 
l imbs han ging over the edge nf the tg- 
J^le, t he operator grasps the ankle nf th e 




Fig. 153 Stimson technique 
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involved limb with one hand and flexes the knee to right angle. The hip is now at 
90° flexion, the weight of the extremity will provide the required traction. Once the 
muscles around the hip relax, the dislocation will be reduced without difficulty. This 
technique requires little effort on the part of the operator or the patient and can 
be done either under general anaesthesia or sedation using mor- 
phine or diazepam. 



>z 



Fracture dislocation 



The treatment of these types of fracture dislocations was controversial in the 
past, some authors advocating conservative methods while others prefered opera- 
tive methods. Recent studies have demonstrated the advantages o f open reduc- 
tion and internal fix ation tp achieve anatomical reduction, provide stability and 
minimize the incidence of post-traumatic osteoarthrosis. 



X 



2. Central Fracture Dislocation 

A direct lateral bl ow to the trochanteric area may fracture the acetabular floor 
ano tnus thrust the femoral head into the pelvis. This occurs mostly in road traffic 
accidents and occassionally following a fall on the side. 




Fig. 154 Central fracture dislocation 
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Diagnosis 

The patienrcomplains' of severe pain and inability to move the hip following 
trauma. Localexanjjjj^jfliyeveals nbjoBvipus deformity ~/,eJhe limb looks normal, 
a brui se s:r,c tendernassjy/er the trochanteric and/or hip_atea is present. Attempts 
to "moveTFTe hip are very painful. A routine x-ra ^ will show the centra l fracture 
dislocation (Fig. 154). To asses s the injury of the inner wall of the ace tabulum, 
C^scar^lcomputerized tomography) is valuable. 

Classification 

Type 1. Intact acetabular roof with a large^displaced [fragment 
Type 2. Completely disorganised acetabulum (bag of bones). 

Management 

. InlYpe 1 anatomical reduction is possible and advisable so as to minimize the 
incidence of complications. This could be achieved by operative means, i.e . open 
reduction and internal fixation (Fig. 155). 

"In type 2 anatomical reduction is not possible, so our aim is to mould a new 
sockefwitnin the frame work of the medially displaced and shattered acetabulum. 
This is best achieved by conservative means, i.e. traction fp r six weeks followed 
by mobilization with minimal weight bearing for three months. The patient should 
use crutches during that period. 





Fig. 155 Internal fixation of type 1 central fracture dislocation 
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3. Anterior Dislocation 



in foe 



-^ This is the least common type, it occurs m ostly ihjjroad traffic accidents whe 
he patient's knee is driven against the dash board .with i the thigh in a position of 
sbdactigTrrAlsQ 'a^alFeMbro^on the?p osterior aspect of the abducted and fexteinal-- 



y rotated thigh, as caused by a fall from a heighf may cause anterior dislocation. 



jl^Tie^afienT complains of severi fpiin a n dfitfafoility to move t he hi fc3b/e typical 
deformity i ^Tfltexion, abduction, and external rotation of the involved I limj> JFig. 
156). jnjhk^fetierrjsjh e head of the femur may be palpated in the groin oMn the 

vicinity of the anterior iliac spine. 

In dashboard injury, ep^ajjoiLo f the knee will freaue ntb^demo-nstrate evi- 
dence of trauma such gsTacerationTabrasion or frac ture. 

J^ray; Routine AP and lateral views will reveal the d islocation of the hip and 
the^osmon of the femoral head (hg. 1b/). 




■ 



HIP FLEXED, 
ABDUCTED &ND 
EXTERNALLY 
ROTATED 



Fig. 156 Typical deformity 




Fig. 157 Anterior dislocation of the hip 



* Management 



Anato mical reduction of the dislocated hip should be carried out as an emergen- 
c ys° as ^ minimize the incidence of com plications, jhis cniild_faP__adii6wvH 
a lmost always by conservative method, i.e. closed reduction by manipul_atioB-un- 
der general anaesthesia,T n" is to be followed by immobilizatinntisin g traction, with 
tne nip in slight abduction . Once there is painless motion at the hip the patient is 
allowed up on crutches. Protective weight bearing is then carried on for a total o f 
10 to 12 weeks. 
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... _ ...... 



Fig. 158 Reduction of anterior dislocation of the hip 

Technique of manipulation (Allis technique, Fig. 158) 

Patient is piaced on the table in a supine position, his 
and tiexion. The operator applies traction in the line of the femur, while an as si slant 
"appil55" pfessure in an outward direction over the inner surface and upper 1/3 of 
■ — ttrg-tfTfffii and groin. The operator then c nmplPten the reduction hy adrii intion and 
internally rotating the limb. 






Complications of hip dislocation 



W 



1 . Sciatic ner^eJniujx. This is seen in posterior dislocation, early reduction is 
essential to prevent further nerve damage. 

2. Avascular jjficjflfijfijncidence 20-30%, this can be minimized by early reduc- 
tio? 

3. Post-trajimalkLQalfiQ^dteaia (mainly seen after central fracture dislocation). 
Tvositis ossificar 




v* ra 



ractures of the Femoral Neck 

Fractures of the femoral neck are primarily an injury of the aged. It was first 
diagnosed by Ambrose Pare (1510-1590), at that time treatment depended on 
splints, and bed rest. In 1902 Whitman introduced the concept of closed manipu- 
lation followed by immobilization in a hip spica. Surgical intervention was intro- 
duced by Smith Peterson who, in 1931, reported a series of patients treated by 
triflange nail. Since that time more advances were made to improve the devices 
for interna! fixation. 

Fractures of the femoral neck are generally divided into: a) intra capsular, and 
b) extra capsular. 
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1 . Intra Capsular Femoral Neck Fractures 



± This fra 
i s usually 




mostly due to an indirect type ofjnjury such as a falLThe force. 
t mostly affects older age group with a female predominan ce. 



£ Diagnosis 

Followino'lne injury the patient pre- 
sents withjiainjnjhe^hirj. region and is 
unable tc wa! : 

iTetyDic^idefomTityi s external rota- 
^nffirWTI^!n?oftRe affected limb 
(Fig. 159). There'jl Veal tenderness irf 

thegroinajdth^^^me^^^^^^^ 
ful. X-ray&lyfill confirm the dl" 



-raygpw m confirm tne diagnosis 
and establish me sue, type InoHgTaae" 
of the fracture. 




LIMB IS EXTERNALLY 
ROTATED AND 
SHORT 



( 



Classification 



A 



.^yatomicaltvjnt! 
, 1 1 fiWD CfiPJlijl 



Fig. 159 Typical deformity of intracapsular 
femoral neck fracture 



intracapsular femora! neck fractures are divided into (Fig. 160): 
Fracture at the base of the head. 



2. Transcervical: F racture in midportion of the nec k? 
r ^ . fi gga]^ r^'raciuf e at the base of the nec k. 
j^Mriere is a controversy regarding the classification of the basal fracture. 

Some authors consider it intracapsular because anatomically, the base of the 
fermoral neck lies within the capsule anteriorly. 

Others consider it extracapsular because it has a better prognosis than the 
subcapital and transcervical ones. 
i/"" With this classification, the prognosis and possible complications can not be 
easily predicted, and for that reason other classifications have been devised such 
as Gar denls classification, which is based on the anatomical relationship of the 
proximal to the distal fragment (Fig. 161). 

Type I: Incomplete fracture. 
^7 5SL Co mplete fracture with no or minimal displacement. 
^ --i T^£eJ^ T he fracture is displaced but the posterior retinaculum is intact . 
Type IV: me tracture is displaced and the posterior retinaculum is disrupted. 
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■■ '■ \ TRANSCERVICAL 3' 

Fig. 160 Anatomical classification 



BASAL 




TYPE I 



TYPE II TYPE III 

Fig. 161 Garden's classifications 



TYPE IV 



■ ■ 



Management 



In the management of intracapsular femoral neck fractures, our aims should be: 

1. Prevention of movement at fracture site so as to prevent further damage to 
the blood supply of the head to minimise complications such as avascular necrosis 
and nonunion. 

2. Mobilization of the patient as quickiy as possible to avoid the disastrous 
complications of prolonged immobilization such as hypostatic pneumonia, deep 
venous thrombosis and bed sores., etc., 

To accomplish these aims, operative treatment is almost always indicated. The 
following is a simplified programme for selecting the procedure of choice. 



7. 



Undisplaced fractures (Garden i and II ) 



These types are best treated bv^y^aUk|tiori using, e.g., angled blade 
plates^pr cannulated screws or DynamicHTp^crfwsj[Fig. 162). 
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Fig. 162 Methods of treatment of intracapsular fractures 



2, placed fractures (Garden III and IVJ, 

The method of choice in these types depends on the patients' age: 
1 . Patients aged 65 or less: These are best treated by cio.se d or open reduction 
internat1fxa!!on^s in group A. 
j nts oVef 65^ iese are best treated by replacement arthroplasty^ such 
as*an AtistirT Moore prosthesis (Fig. 163)- This is advocated because at this age 
life expectancy is short and the probability of secondary surgery to treat local 
Domplications is high if internal fixation is used. 




. Local complications 

1. Avascular necrosis: T his is the most common complication, it is due to dts- 
r u^uT5n^TOoo^upplyto the femoral head. 

2. Nonunion: T his is the second most common complication. Prevention de- 
peTio's^rTaTcurate reduction and fixation of the fracture. 



3. Postoperative infection 
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Fig. 163 Treatment of displaced fractures - patients over 65 years 

2. Extracapsular Femoral Neck Fractures 

These fractures occur in an oider age group. Many of these patients have been 
very inactive prior t o the injury and frequently have medical problems . 

Direct trauma i s the usual cause, the patient stumbles and falls striking the hip 

a i recti y. 



Diagnosis 

Followinglllite injury, the patie 
sents with, pain in the hip ancH' 
to wffi g'/ he TYP^j^^ rmitv is~linib" 
ung, abduction and externa 



snor 

tation. I he external rotation ls~qreat er 
than that seen in the intracapsulaL -fe- 
mor al neck fractu res (Fig. 164). There 
ized ten derness over the greater 
trochanter and movements are painful. 




to. 




-ray V'/iif confirm the diagnosis and es- 
tablish l"s site and type of the fracture. 




Fig. 164 Typical deformity of extra capsular femoral neck fracture 
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Anatomically, these fractures are divided into: (Fig. 165) 
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/. Intertro ohanleriGL The fracture is along th e intertrochanteric line without in- 
volvTng the trochanters. ~ 



// Pertrochanteric: The greater trochanter, with or without the lesser troc hanter, 
isTnvolved~ 



///. Subtrochanteric: The fracture lipe, nins hplnw tha trochanters. 






I INTERTROCHANTERIC 



Management 



II PERTROCHANTERIC in SUBTROCH/XNTERIC 

Fig. 165 Anatomical classification 



The aim of treatment is to provide satisfactory fixation in order to mobilize these 
patients quickly to prevent general complications. Since there is abundant blood 
supply at the fracture site, there is no danger of avascular necrosis. This aim is 
best achieved by operative methods, i. e. open reduction and a dequate i nternal 
fixation (Fig. 166). If operative treatment cannot be carried out for medical or other 
reasons, the fracture can be treated conservatively by traction. 

Local complications 

^^ajynjgnjn varus. 

2. Nonj : m: The incidence is low (less than 10%) because of the abundant 



blood supply. 

3, Postoperative infection. 




Fig. 166 Treatment of extracapsular fractures 




f 



* 



ractures of the Femoral Shaft 



The femur is structurally the strongest bone in the body, it is surrounded by 
massive musculature, which provides the femur with an excellent blood supply 
thus nonunion is not usually a significant problem. Femoral shaft fractures occur 
most commonly in young adults, and usually result froj^najor violence such as 
road traffic accidents or falls frpm^aJaeinbi Thow" af0 frequently associated witr 
mumpie system injury. 



Diagnosis 

The presen ce of cardinal symptoms and signs of the fracture ma kg th« ^linfsal 
otaynu^lj obvldus. Since major violence is needed to fracture iemoral shaft a 
thorough general examination is essential to exclude inju ri es at other site s_yays_ 
w ill confirml he diagnosis and Pstahtkh thA «itp (upp^ middle or lower third) , line 
{transverse, oblique, spiral, comminuted and green stick) , extent and disp lacem^nT 
of the fracture . 
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V Management 

tChildtvrTA^^J^ 



Fracture shaft femur in children almost always heals as long as there is bone 
contact, The remoulding power of young bone is excellent and up to 10° of angu- 
lation can be corrected. Rotational deformity cannot be corrected by remoulding 
and so should not be accepted. Growth stimulation occurs, for this reason an 
overlap of 1 to 1 1 k cm is acceptable and desirable. 

Treatment of these fractures is almost always conservative, operative methods 
are rarely indicated except for compound fractures and soft tissue interposition. 

Conservative methods 

^Tj^^Q!lJ^MMiiQD^' ^ s method is safe since no anaRKthRsia is required 

but it has the d isadvantaqe-QiJann hnsnitalizatiacL Up to two vearsja Laae^the 
technique most commonly used is GaJIpw^s tractipjiJFig. 167 a). In older age 



groups, other jc-rms^ JractiQiLc 
b) Clclfedreduction follow* 



are us"ea. 

b) Closed reduction followed by immediate immobilization in plaster of Paris 
hip spTa^Rg - T^ToT^nisdepends on reduction of thefracture under general 
anaesthesia followed by immobilization until union in plaster of Paris. This method 
has the adv antages of short hospitalization and low cost. butJha va-the-dlsad^an- 

"TUyeiJ 01 using a general anaesthesia an d the high incidence of telescoping of 
"fracture ends, i.e. excessive overridi ng following reduction. 

c) Initial traction for two to three weeks followed by c ontinuation jaHmmobh 
lizatiOfl In piast gnJTTSrTSTInTrTlnToTO TT l^S^^Bvahtages " f hn tfi safe ty and 
shorter hospitalization. This should be the method of choice.* 





CHILDS BUTTOCK MUST BE CLEAR OF THE BED 

(a) Gallow's traction (b) Hip spica 

Fig. 167 Fractured femoral shaft-children 
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2. 



Adults 



The aim of treatment is to achieve union in an acceptable position, i.e. nc 
rotation, less than 1 0° of angulation and minima! or no overriding. Both conserva- 
tive and operative methods are used, each has its advantages and disadvantages 

Congejva^^jggJ|jojj|sdepend on reduction of the fractureloJowed by immc 
liglfforr^ lmg "traction until callus is no longer tender, this is usually follov 
continue d immobilization of the frac ture but mobilization of the joints using a caiT 
brace (Fig, 168). 



& 



1 






l*$ 




Fig. 168 Cast brace 



M 



Onfn ^'^'""i^iiiJIitotflJJlMtrB P t he method of choic e (Fig. 169). 
O perative method s have the following advantages over conservative methods: 

1 Short hqg njtgjj ?atinn._ 

2. Early mobilization. 



KSIiHiifcljklMiiirai 



The foll owing are the disadva ntages of operative methods: 
1 .Infect Ion. 



2, A need for a second opera tion to remove the implant, 
ne incidence ot delayed union is higher. 
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Intramedullary nail 



Interlocking nail 



Plate and screws 



Fig. 169 Internal fixation 



i 



Complications of femoral shaft fracture 

_1 . Limb ineaualit^ This is the most common complication in children. 

2. Maiunion. 

3. Delayed union. 
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THE KNEE AND THE LEG 



Anatomy 



The knee joint is a synovial joint formed by the articulation of the distal femur, 
proximal tibia, and the posterior aspect of the patella. Two major articulations are 
present in the knee, the tibiofemoral and the patetlo-femoral with division of the 
tibiofemoral joint into lateral and medial compartments by the intra-capsular cruci- 
ate ligaments (Fig. 170). 

The distal end of the femur is broadened by two large prominences, a larger 
medial and smaller lateral condyle. Bulging above and within the curvatures of the 
condyles are the femoral epicondyles which give origin to the collateral ligaments 
of the knee. 

The anterior surface of the femoral condyles articulates with the posterior sur- 
face of the patella, and the distal and posterior surfaces of the condyles articulate 
with the tibia. 

The proximal tibia is expanded in relation to the shaft. These lateral and medial 
enlargements are referred to as the lateral and medial condyles. The articular 
surfaces, called the tibia! plateaus, are flattened, covered by articular cartilage, 



FEMUR 



LATERAL EPICONDYLE 



LATERAL CONDYLE 



LATERAL PLATEAU 



LATERAL CONDYLE 



FIBULA 




MEDlM. EPICOWPYLE 
PLATELLfc 



MEDIAL CONDYLE 
MEDIAL PLATEAU 

MEDIAL CONDYLE 
TIBIAL TU0£RCLE 
TISiAL SPINES 

TIBIA 
Fig. 170 Bony anatomy of the knee 
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slightly concave in nature, and receive the condyles of the femur. Between the 
two plateaus is the raised, roughened intercondylar eminence which ends in two 
small prominences, the anterior and posterior tibial spines. The articular surfaces 
of the tibial plateaus are deepened by the menisci. Anteriorly, distal to the tibial 
condyles, there is a bony prominence, the tibial tubercle, into which the ligamen- 
tum patellae inserts. The proximal fibula does not enter into the knee joint articu- 
lation. 

The supporting ligaments of the knee (Fig. 171) are: 

1. Medial collateral ligament. 

2. Lateral collateral ligament. 

3. Anterior cruciate ligament. 

4. Posterior cruciate ligament. 



patellar Surface 



FIBULAR 

COLLATERAL 

LIGAMENT 



ANTERIOR 
CRUCIATE 
LIGAMENT 



LATERAL 
KflENJSCUS 



CORONARY 
LIGAMENT 




POSTERIOR CRUCIATE. 
LIGAMENT 



MLOIAL 

CONDYLE 



TIBIA 

COLLATE 

LIGAM 



POSTER! 

CRUCIATf LIGAMtNT 




ANTERIOR CRUCIATE 
LIGAMENT 



LATE.EAL 
CONDYLE 



POPLITEUS 
TENDOW 



:.- 



MEDIAL 
MEMISCUS 



LATERAL MLRISCUS 



FIBULAR 

COLLATERALLIGAMEWT 



ANTERIOR 



POSTERIOR 



Fig. 171 The ligaments of the knee 



Injuries of the Knee 
A. Soft Tissue If 



1. Injuries of extensor apparatus. 
'A. Myositis ossificans traumatica 

3. Ligamentou s injuries" "" 

4. Meniscal injuries. - 



MmmmmmmESm 



1 . The distal femur._ 

2. The proximal tibia. 

3. The patella. 



1 58 Fractures and dislocations 

C^JisIocations 

1. The tibiofemoral articulation . 

2. The patellofemoral articulation. 

Injuries of the extensor apparatus 
_j£ Contusion of the quadriceps 

This is usually due to a sports injury. They are classified into the following 
groups: 

1. Mild: T here is localised tenderness but active knp g fiAvinn i<a nwo r c|n° 

2. Moderate: Tender swelling in the thigh, active knee flexion i s hptwRn n 4 5 tn 
9 0deqree^ Tne patient walks with a limp"!" "■ B S« & 

j. devote: G ross tender swelling in the t hi gh, active knee flexion is l ess than 
45^TJie patient is severely disabled. This type is the one most likely To" develop 
■ osltis ossificans. 



4 



Treatment 



This is divided into three phases: 

Phase I. The aim is to minimize haemorrhage, by rest, elevation and ice packs. 
Isometric qudUiiueus exeiuisus aie encouraged. This phase usually lasts 1-2 days . 
^^haseJ^ The aim is to restore movement , f irst extension th^ n_gradxtaUlexion. 
The end of this pnase is marked by restoration of flexion to 90°. 

Phase III. Aim s at restoration of normal limb function by^ active gradua[ exerci- 
ses^gamsTTes istan ce . 

si Rupture of the rectus femoris 

Rupture.of few fibers o f the rectus f emoris js o f common o ccurrenc e in athletes. 
The patient complains_o f _s£vere pain op contracting the muscle l and local exami- 
•f^tiULueveals a_sw^Tcj, an area o f tenderness and a gap may be felt in large 
ruptures. 

Treatment 

Repair of the rupture is technical ly difficu lt and not required except for cosmetic 
appearance ^ I ne treafrhent of early cases is aim ed at relieving pain. 

Myositis ossificans traumatica 

The name is a misnomer, the condition is not an inflammatory reaction and it 
is the connective tissues which ossi fy, not the muscle. 

The diagnosis is usually made 3 weeks after injury when X-rays show a cloud> 
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jiljgjJg^Mn the soft tissues of the middle third of the thi gh, and later on, a mass of 
mature bone appears. 

Treatment 

The incidence of this condition could be minimised by proper management of 
the initial trauma to the thigh. Deep massage or passive stretching of the knee 
snouid not be employed . 

Established cases are treated by bed rest and/or plaster back shell, and the 
bone mass tends to undergo spontaneous absorption. If no recovery occurs after 
1 to 2 years and knee flexion is restricted, surgical excision of the mass is indi- 
cated. 

Ligamentous injuries 

Perfection of function in the knee depends, firstly on the relationship of muscle 
power, speed of contraction, coordination and endurance. Secondly on the pas- 
sive control of the ligaments, which not only determine the direction in which 
muscle action is transmitted to the moving surfaces but also achieves through 
their sensory fibres the coordination essential to protection. 

Total ligament rupture if not treated will lead to instability of the knee which, in 
turn, will lead to disability. 



■X 
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Classification 
A Par Mftr? r T 

B ; Complete tear. 
Diagnosis 




The patient describes a tearing sensation and pain following the initial trauma . 
The more complete the rupture, tto£Mess the pain. 

Local examination may reveal ^swelling which is wors e with a partial tear sine 
with a complete tear the/ffip^urSa' capsule permits leakage and dittusion. *Hai 
marthrosis is evident, ar tnbpalised tenderness over the ligament and site of tear 
can be^floited. Partial tears permit no abnormal movemenOyhile acomDlejetear 
permit &hDQimaLnnovement w hich is, sometimes, painles sJSlress tests for lateral 
and medial collateral ligaments are positive in complete tearsas^el t^s^antenor 
ana^ostejior_aj^wej^sjajis j i n anterior and posterior cruciate ligament tea rs. Rou- 
Wrl^v^ravj s will show T arTavuision tractuifi Lhas occurred. Stress films~will show 
[aywiaeseparation in complete rupture {Fig. 172). 
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A. TORN MEDIAL LIGAMENT 



B. STRESS FILM 



Fig. 172 Stress films 



Treatment 



1. Partial tear 






This is essentially s ymptomatic (analgesic for the pain) and protective by pro- 
viding an elastic bandjge tojhe kne e, which promotes absorption of the products 
of injury by elastic compression. I he patie nt is then ins tructed to us e crutches and 
start weight bearing. Active knee exercises should oe commenced as soon as 
"possible to prevent adhesion . 

2. Complete tear 

The aim is restoration of ligament continuity and the method of choice is operas 
five repair of the ruptured ligament whenever possible . 



-x 



Complications 

1, Adhesions: This could be prevented by active exercises in 1st and 2nd 
degree tears. 

2. Instability: Failure to treat complete tears will cause instability which even- 
tually may lead to degeneration. 



■ 



risca! injuries 

The lateral meni scus is less likely to tear than the medial b ecause its attach- 
menrrpermits freer mobility. 
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Medial meniscal injury (Fig. 173) 

V A twisting injury of the flexed weight bearing knee is the classical example 
Awhicll Ifcfj'ally occurs white playing football. 

A middle life when fibrosis has further restricted the mobility of the meniscus, 
tears occur with relatively little force. 



* 



Diagnosis 



iih-©n / t 



In the initial injury, the patient develo ps paiWf the inner side of the knee, this 

is followed by a swelling few hours later. I he^dhsent may sometimes come with 

-"- --T the Knee, i.e. th e knee w.:!l be held iywo £0 D of flexion. ■~-j)\ extension 

^impossible and attempts to achieve it provokes pain. Flexion is almo^HulRffl 

-"■usually painless. /O 

If the joint is not locked, examination may reveal adjprfusion, local tenderness 
over the medial joint line , a full range of movement, AM positive Mc Murray's and 




X-rays: R outine %f^ys show no abnormal itvT ^Arthrooraphv may help. 
Magnetic Resonance imaging (MRI) is greatly helpful in the diagnosis. 

It is essential to confirm the diagnosis before treatment. Arthroscopy is 
mandatory and has reduced the need of total menisectomy. Partial 
menisectomy for partial tears and suture of peripheral tears are possible 
through the arthroscope. 




Fig. 173 Meniscal injury 
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Fractures of the Distal Femur 

Fractures of the distal femur are classified anatomically into: 

1. Supracondylar fractures. 

2. Condylar fractures. 

3. Intercondylar fractures. 

Supracondylar fractures 

Fractures occurring above the femoral condyles are referred to as supracondy- 
lar fractures. Direct force is the usual cause. When the lower fragment is intact 
the pull of gastrocnemius may flex it, endangering the popliteal artery. 



Diagnosis 






The patient complains of severe pain and inability to walk, local examination 
reveals a swollen deformed knee. Movement is too painful to be attempted. 



■A 



POPLITEAL 
ARTERY 



7 



i*"* 1 ■< 



,*"*c 




Fig. 174 Supracondylar fractures 
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It is essential to examine for neurovascular damage since the flexed distal 
fragment may endanger the popliteal artery {distal pulse should always be 
checked and recorded). 

X-rays will confirm the diagnosis and determine the type of fracture which can 
be transverse, oblique, or comminuted (Fig. 174). 

Management (Fig. 175) 

■ The aim of the treatment is to achieve early active movement of the knee. Both 
conservative and operative methods are used. The method of choice depends on 
many criteria, the most important of them is the type of the fracture. 
The following is a guideline towards the method of choice: 

1 . Impacted or minimally displaced supracondylar fractures are best treated by 
plaster cast. 

2. Unstable, displaced fractures are best treated by operative methods. If ope- 
ration is contraindicated, skeletal traction may be used. 

3. Comminuted fractures are initially treated by traction until the fracture is 
clinically firm and no longer painful, this phase is followed by a cast brace until 
union. 

These fractures take about 12 weeks to unite, if conservative methods are 





Fig. 175 Treatment of supracondylar fractures 
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used, the plaster cast or traction must be maintained during that time. A further 
12 weeks are needed for consolidation and during that time partial weight bearing 
with crutches is allowed. 

Complications of supracondylar fractures 

1. Arterial damage: Injury to the popliteal artery may occasionally occur. 

2. Knee stiffness: This is the most common late complication. A long period 
of exercises is necessary, but full movement is rarely regained. 

3. Malunion. 

4. Nonunion. 



Condylar fractures, (Fig. 176). 

Isolated fractures of the femoral condyles are rare. They are caused by a direct 
force or a fall from a height. Clinically the knee is swollen, tender, too painful to 
move and haemarthrosis is present. X-ray will- confirm the diagnosis. These 
fractures are usually unstable and the incidence of delayed or nonunion is high 
with conservative methods of treatment. 





Fig. 176 Condylar fractures 
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The method of choice in treating all condylar fractures is operative, i.e. open 
reduction and internal fixation. 



Intercondylar fractures 

A fracture of the supracondylar area of the femur with a condylar fracture is a 
challenging and complex therapeutic problem. 

The prognosis and end result depends upon the initial damage to the joint and 
the surgeon's success in restoring the anatomical congruity of the joint. Road 
traffic accidents and falls from heights account for most of these cases. 

Clinically, the knee is swollen, deformed, tender, too painful to attempt move- 
ments and haemarthrosis is present. 

X-rays will confirm the diagnosis and determine site, displacement and type of 
the fracture (T shaped or Y shaped) (Fig. 177). 

Management 

The aim is to achieve anatomical reduction and early recovery of knee move- 
ments so as to minimize the incidence of post traumatic arthrosis and stiffness. 
Both conservative and operative methods are used depending basically on the 
fracture displacement. 

A. Conservative methods: Undisplaced fractures are usually treated by traction. 
The other types may be treated initially by traction, but if alignment cannot be 
achieved, operative methods will be indicated. The main disadvantage of the 
conservative method is the late restriction of knee movement. 

B. Operative method: (Fig. 178) Open reduction and internal fixation is indicated 
in displaced fractures especially in young patients and in cases of failed conserva- 
tive treatment. 




Fig. 177 Intercondylar fractures 
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Fig. 178 Internal fixation of an intercondylar fracture 

The complications of intercondylar fractures are: 

1 . Knee stiffness. 

2, Post traumatic arthrosis. 




of the Proximal Tibia 



Tibial plateau fractures 



£ 



A fall from a height or a direct blow are th ejJsjiaLcaiiS£^- The commonest inju ry 
is a rraciureg lateral co ndyle for w hich the term 'bumper fractu re' was applied. 

Clinically the kne e is swollen, tender, movement is too painful to attem pt and 
haemaj^hjjo^iisj s presen t. 

X-rays will confirm the diagnosis and establish the type and displacement of 
t he fracture. — 



-X 



Classification (Fig. 179) 



Type I. Purs wedge fracture, these are relatively rare and occur most common- 
ly laterally or posteriorly. It they occur medially then they give rise to a correspon- 
ding varus deformity. 

^Typej^ P ure depression fractures , the result of valgus overload. The lateral 
liDTaTplafeau is pushed in by the lateral femoral condyle. The plateau itself is not 
widened. I 

Type III. Combination of types I and II with joint depression and fracture of the 
lateral cortex. 

Type IV. The Y and T fractures or comminuted fractures of both mnriylqs 
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TYPE I 



TYPE II TYPtrn 

Fig. 179 Tibial plateau fractures - Types 



TYPE. IV 



-tF Management 

The aim is to achieve restoration of normal joint function and prevention of late 
post-traumatic arthrosis. 

1, Undisplaced fractures (0 to 5 mm of depression or widening) 



These are best treated conservatively by: 

a) Traction : This is simple and usually produces good resu lts, its main dis 
ifage is longfhospita fization. Traction is maintained tor sTx~\fteigft5=whrcrris 



sad- 
the 



vantage .. 

time needed tor union. The patient is then allowed up using crutches. Full weight 

bearing should be avoided for a further six weeks which is the time needed for 

consolidation. 

b) Plaster cylinder. ( Fig. 18 0) This 
has W> advan tage of short hospitaliza- 
tion, but knee movementtakesjorjser. 



to returhT The plaster is removed after 
"six to twelve weeks according to the se- 
verity of the injury, and weight bearing 
is then permitted. 

With both methods of immobilization, 
it is essential to encourage quadriceps 
muscle exercises. 



Fig. 180 Plaster cylinder 
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Fig. 181 Operative treatment of tibial plateau fractures 



2. Displaced fractures (Over 5 mm depression or widening) 



Anatomical reduction is essential. 



.fays, open reductionjand 



i nternal fixation is indicated (Fig . 181), 
Fracture of the tibial spine 






-fc 



Ahypen3XtensjCj|ynjuj^.may tear the anterior cruciate ligament; sometimes, 
especially in a child or young adult, the ligament remains intact but the tibial spine 
is avulsed. 

The knee is hel d flexed a nd is sjvollen. Because of haemarthrosis the join t, feels 
tense, lenderand 'doughy', movement is too pa inful tolre attempted 

X -ray a lateral view sh ows the a nterior tibial spine eleva t ed from the tib ia. 

Management 

Under general anaesthesia, the knee is aspirated and forced straight t o re- 



Tfuice the fracture. A piaster cylinder is applied and worn for 6 weeks, weight 
bearing is permitted and guadriceps muscle exercises are encouraged. 

If the patient presents, few weeks after injury it may be impossible to straighten 
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the knee even under anaesthesia, open reduction is then indicated, the tibial spine 
is anchored by sutures into a cavity gouged out of the upper tibia. 



Picture 



rjtctures of the Patella 

The patella is important for quadriceps muscle mechanism and its loss may 

result in varying degrees of reduction of quadriceps power. 
a/ Fr actures of the patella are common, they usually occur in young and middle 

ageTTmalesL They may occur as a result of jjXJthdire rt and indirect injury . Direct 
Tniurv a sHrTroad traffic accident usually lead?1o B ^bmminutea fracture, "wTTffe 

indTrec Tinjury which is due to resistance of muscle action will lead to avulsion o r 

transverse fracture. 



1/ Diagnosis (Fig. 1 82) 

T\ The patient complains of, 
Jswe^ina^ndjia^maj^ 



[Vrres 



)ilitvTo' 



n, andjnabilil^^alk 
if the knee'lmtransverse tr 




i nation will reveal 
s a gap between 



fracture ends may be feVpfpereisclamaqe to the extensor ten don the patierj 



t he able to raise ifeq with the knee extended^ 
X-rays will reveal the type and extent of the fracture. 



~V Management 



The aim should be the restoration of the anatomy and function whenever pos- 
sible. The method of choice depends on the type and displacement of the fracture. 






Fig. 182 Fractures of the patelfa 
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1, Undisplaced or minimally displaced fractures 

These are best treated corjaej^aijyg^ by : Aspiration of haemarthrosis-anri im- 
mobilization in a pla ster cylind er for^npo weeks 

2. Displaced fractures (Fi g. 183) 

These are best treated_ogejg|jygJx t the available techniques are: 

(a) Reassembly of two or more fragments bv open reduction and interna l 

Tixanon using tension band wiring. K wires or screws 
~ (b) Repair of quadriceps apparatus re taining one large fragment: This is indi- 

caiea it restoration ot normal anatomy cannot be achieved and the fracture has 

one large fragment which can be retained. 

(c)Total excision - patellectomy: This is indicated in com m united fractures when 

euner ui me previous techniques cannot be carried out. 



Dislocation 

Dislocation of the Knee (tibiofemoral articulation) 

Dislocations of the knee are rare injuries caused by severe violence. Clinical 
diagnosis is not difficult and X rays are taken to confirm the clinical impression 
and to exclude associated fractures, 






PATELLECTOMY" 
Fig. 183 Operative treatment of fractures of the patella 
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Classification 

The dislocation is described in terms of tibial displacement with respect to other 
structures about the knee, accordingly five types are recognised: (1) Anterior, (2) 
posterior, (3) lateral, (4) medial, and (5) rotatory. 

Treatment 

Immediate reduction under general anaesthesia can be accomplished easily by 
gentle sustained traction. This must be followed by careful evaluation of circulatory 
status of the limb. If there are signs of occlusion vascular surgery to restore 
circulation is indicated. Early repair of damaged ligaments is advisable to prevent 
instability. Following reduction the knee is immobilized in a plaster cast for 12 
weeks. 

Dislocation of the patella 

While the knee is flexed and the quadriceps muscle relaxed, the patella may 
be forced laterally by direct violence. It may perch temporarily on the ridge of the 
lateral femoral condyle and then either slip back into position or be, displaced to 
the outer side, where it lies with its anterior surface facing laterally. 

Diagnosis 

The knee usually collapses and the patient may fall to the ground. There is 
obvious if somewhat misleading deformity: the displaced patella is not easily no- 
ticed as the uncovered medial femoral condyle is unduly prominent and may be 
mistaken for the displaced patella. The patella can be felt on the outer side of the 
knee. Neither active nor passive movement is possible. 

X-rays reveal the patella is seen to be laterally displaced and rotated. In 5% of 
cases there is an associated osteochondral fracture. 

Treatment 

Reduction is usually easy and can be done under sedation, following that, the 
knee is immobilized for 3 weeks in plaster cylinder. Recurrence of the dislocation 
is a known complication following this injury. 




actures of the tibia and The fibula 



These fractures are among the most frequently seen injuries in orthopaedic 
practice. They occur in all age groups and are usually the result of direct trauma. 
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Mechanism of Injury 




The fractures can occur either due to: 

1. Direct injury. a s in road traffic accidents and gun shoU ajurias: these lead to 
transver se or comminuted f ractu re s . 

2. Indirect injury a s in falling ,_twisting, arJuJ^kjuaoJuiiiing s; these lead to obliq ue 
anCTsjii r^l fractures'. ~ ~~ 

y "TTie3inicardiagnosis is obvious. The_c ardinal symptoms and signs of fracture 
/ are- present, ro utine X, -ravs will confirm the rifcgno.qifi and establish t he site, typ e 
and displacement of the fracture. 



-)( 



Classification, 'Ellis classification' (Fig. 184) 



1. Minor : Fracture is undisplaced, with no angul ation , no or minor comminu-_ 
ti oTTaTia^sHnisintact (un ion usually occurs in 10 weeks, the incidence of delayed 
or nonunion is about 2%), 

2. Moderate: T he fractur e is displac ed, angulated with moderate com minu- 
tfPnand rninorwoun cT. (Union usually occurs in 15 weeks, the incidence of delayed 
or nonunion is about 11%). 

^^J^Seve/^; A fracture is displaced, angula t ed, major comminution and ma jor 
_wound (un ion occurs in 23 weeks, the incidence of delayed or nonunion is about 
60%). 




MINOR 





MODERATE SEVERE 

Fig. 184 Fractured tibia and fibula - classification 



// Regional 



173 



# 



Management 



The aim is to achieve full functional recovery of the limb. Anatomical reduction 
is ideal but 50% opposition, less than 10 degrees angulation and no rotation is 
considered acceptable. 

1 . The con servative metho d: The majority of the cas es can be treated conser- 
vatively by closed reduction and immobilization initially in a full length^ove~Rnee" 
pTas!eTTasttFfg7-r@5^ 





Fig. 185 Above knee plaster cast 





Fig. 186 Functional plaster cast 
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a -^ Lw£ £ks la te r, a ^uactioaaLfll asler cast whi ch librates the knee and takes 
some pressure on the patellar tendon can be used (Fig. 1 86). 

2. The operative method (Fig. 187): Open reduction and internal fixation 
has the advantages of early mobilization" and perfect anatomJCaTTBtftrction. 
Fixation can be achieved by the use of AO intramedullary nails or pfates and 
screws. 

ft 

In the severe type of injury, the use of an external fixator is helpful in 
immobilizing the fracture and leaving the limb exposed for the treatment of soft 
tissue injuries. 






Intramedullary nail 



Interlocking nail 



Plate and screws 



Fig. 187 Fractures of tibia and fibula-operative treatment. 



* 



Complications 



1 . Anterior compartment syndrome. 
ifflieiayed unio TT ~ 

3. Nonunion, 

4. Malunion . 

5. Joint stiffness. 
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THE ANKLE AND THE FOOT 



Anatomy 

The ankfe is a synovial joint of the hinge variety, composed of an articulation 
of three bones: the distal end of the tibia, the distal end of the fibula, and the talus. 

The distal aspect of the tibia is somewhat broadened and includes an inferior 
articular surface which articulates with the superior surface of the body of the 
talus, a lateral surface with a triangular depression for the articulation with the 
fibula, and a blunt projection which extends interiorly as the most cffsfaf projection 
of the medial aspect of the tibia called the medial malleolus. 

The lateral malleolus is the expended, somewhat pointed distal end of the fibula 
which extends approximately one-half to three-quarters of an inch below the tip 
of the medial malleolus. Its medial aspect consists of an articular facet for the talus 
and a larger surface for its articulation with the tibia. 

The distal projecting ends of the tibia and fibula or malleoli, plus the inferior 
surface of the tibia, form an ankle mortise into which the dome-shaped talus fits. 

Just superior to the ankle mortise, there is a junction or articulation of the tibia 
nd fibula, bound together by strong fibrous tissue ligaments called the distal 
• oiofibular syndesmosis (Fig. 188). 



TIBfO -FIBULAR SYNDESMOSIS 



MEWAL MALLEOLUS 



LAlERAL MALLEOLUS 




Fig. 188 Bony anatomy of the ankle 
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ANTERIOR TIBIO- 
FIBULAR LIGAMENT 




POSTERIOR TALO- 
FIBULAR LIGAMENT /•» 



CALCAHEO FIBULAR 
LIGAMENT 



POSTERIOR. TIBIO 
FIBULAR LIGAM EMI 



DELTOID 

LIGAMENT 



Fig, 189 Ligaments of the ankle 



HIND -FOOT 



MID-FOOT 
—A 



FORE- FOOT 
A 



NAVICULAR 




CUNIFOROM 

METATARSALS 



phalange; 



CALCANEUS 



CUBOID 

Fig. 190 Bony anatomy of the foot 
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The medial collateral iigament is a strong, somewhat triangular structure at- 
tached to the tip of the medial malleolus, and flares out inferiorly to insert into the 
talus, calcaneus, and navicular. The lateral ligaments, are three in number, atta- 
ched to the tip of the lateral malleolus and inserted into the talus and calcaneus 
(Figs. 189, 190). 



4 



Ankte Fractures 



M ost ankle fractures are indirect injuries resulting from subluxation or disloca- 
tio n dfthe talus out of the ankle, u sually the foot is anchored to the ground while 
"The momentum of the body continues forwards. 

The diagnosis is usually obvious, the ankle is swollen and deformity may be 
seen.JTie routine X-rays will confirm the diagnosis and pstahlish the type nf the 
injury. 



L Classification 

1. Lauge - Hansen classification 

This is based on mechanism of injury, which is important to know since reduc- 
tion depends on reversal of the mechanism of injury. 



a) Abd uction Injuries ( Fig. 191) 



The acting forces are: 

(i) Traction force m edially which 
may lead to either rupture"oTfne medial 
hgament or asyntstornjrrTTgdiarTTran eo- 
|us. _ 

(ii) Compression force laterally 
w HfcTHyilTTeaa to a transverse f ractu re 
of the fibula above thelevel of the infe- 
rior tibio tiDular joint a nd diastasis. 




Fig. 191 Abduction injury 



1 78 Fractures and dislocations 

h) Adduction injuries, (Fig. 1 92) 



The acting forces are: 

(i\ Tra^finn for^o laterally which 
may lead to either rupture ofihg-ta tgrat 
ligament nr avukinn nf lateral malleo- 
lus, 



(\\) qomnr ession force medially 
which will lead to a near verticar ft aclur s 

nf the medial maligning 



c) Externa! rotation injuries with 
diastasis (Fig".' 193)" 

^-4fHtojstype of injury, the foot will be 
f pronatgd: The acting forces are: 

QiRotatJon forces laterally. This 
will lead to oblique fractur e nf thelihu la 
aoove tne tiDioiioui aTsvndosmosis with 
diastasis. 

(i\\ Jrar.tinn fnrre medially ThiQ 
may Tead to either rupture of me dial li- 
gament^r^rj|jon^me3ir^a¥ eo I us . 



^djEx^maijo^oninmies fflfthout 
^?JasEsTF!g^94f™ 



\s type of injury the foot will be 
supinatedyThe acting forces are 

Rotation force lat erally lead - 
ing to oblique fracture fiDu| a1it ankle \(T- 
veTw ith or without fracture of posterior 

(ii) Tjja ction fa r ce median v which 
ma y lead to rupture ot tne medi al liga- 
ment or avulsion of medialmaileoTQs. 




Fig. 192 Adduction injuries 




Fig. 193 External rotation injury with diastasis 
% 




Fig. 194 External rotation injury without diastasis 
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e) Vertical compression injuries 
(Fig. 195) ■" 



These may lead to fr acture medial 
malleolu s, fractu re distal tibia extending 
into the joint and fracture fibula. 




2. Weber classification - A.O. (Fig. 196) 




Fig. 195 Vertical compression injury 



Three types of fractures are recognised according to the level of the fibular 
fracture. The higher the fibular fracture, the more extensive the damage to the 
tibiofibular ligaments and the greater the danger of an ankle mortice insufficiency. 



TYPE A' 



TYPE B' 



TYPE 'C 



1. Late ral malleolus and^ Transverse avulsion Spiral fracture begin- Fracture anywhere be- 

fraclure at the level of ning at level of syndes- tween trie syndesmosis 
the ankle or below. mosis. & the head of fibula. 



2. Medial malleolus 



3. Tibiofibular lie 



Intact or sheared 



, ^AJways-tntact 



complex. 
4. Posterior edge of tibia Usually intact 



Intact o r avulsed 
^Partially _ 



Avulsion fracture or liga- 
ment injury. 

Always damaged. 



Intact or avulsion of Commonly avulsion of 
"Volkmann s inangie. Volkmann's tri angle. 



t Management 

The aim is to achieve union in a perfect position. Exact anatomical reconstruc- 
tion of the ankle mortise is essential for perfect function. 
The integrity of ankle mortise depends upon: 

a) The correct length of the fibula. 

b) The integrity of the tibio-fibular syndesmosis. 



For the success of conservative treatment, the fracture has to bereduced 
ana tomic al iy and to remain undisplaced in plast er until union, these goals are 

imonly acnisveo by this method. 
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Fig 196 Weber Classification of ankle fractures 



- *■ 




Fig. 197 Operative treatment 
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Reduction can be achieved by reversal of the direction of the injuring force, the 
reduced position is then maintained by a plaster cast preferably above knee. 

2. Operative methods (Fig. 197) 



Open reduction *r\r\ jntArnai fjsatoMras^ke-advantages of 

a) perfectTeduction . 

b) maintaining the reduction. 

c) facilitating early movement. 



/ Complications 

Jjyojjynjoj^ Occurs mainly at medial malleolus if a periostial flap is inter- 
posed. 

P Malnyjpn 

^ icjint ciiffr-pcc- Usually due to neglecting the treatment of soft tissues, 
osteoarthrosis. 



Ankle Ligament Injuries 

These injuries can be either partial or complete. Ruptures may occur within the 
substance of the ligament, at its bony attachment or through the bone itself with 
avulsion of a small fragment of the bone. The lateral collateral ligaments are more 
commonly injured than the medial ligament (deltoid). 



Injuries of the Lateral Collateral Ligaments 

Injuries of the lateral ligaments occurs following adduction type of force, such 
injuries are most common in the second decade of life mostly due to sports. 

Most adduction injuries occur with the ankle in plantar flexion, this leads to 
rupture of the anterior talofibular ligament, if the force continues the ankle is 
usually moving toward neutral position so that stress is next thrown on the calca- 
niofibular ligament which may also tear. The posterior talofibular ligament is rarely 
injured. 

Diagnosis and management 

A history of adduction injury is usually reported. Examination reveals swelling, 
tenderness and ecchymosis. X-rays may show soft tissue swelling and may be a 
small avulsed fragment of bone. Stress films are used to evaluate the severity of 
the injury. 
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1. Minor injuries: The clinical findings are minimal and the ankle is stable to 
stress. For this type, an elastic or crepe bandage is used for comfort and ambula- 
tion is allowed. 

2. Moderate injuries: The clinical findings are more severe, stress films show 
abnormal talar tilt in plantar flexion but not in the neutral position which implies a 
rupture of the anterior talofibular ligament only, This type is treated by immobilizing 
the ankle in the neutral position for 3 to 4 weeks in a below knee plaster cast. 

3. Severe injuries: clinical and stress films suggest disruption of the anterior 
talofibular and the calcaniofibular ligaments and capsule. This type is best treated 
by surgical repair followed by immobilizing the ankle in a below knee cast for 3 to 
4 weeks. 



Injuries of the Medial (Deltoid) Ligament 

Injury of the deltoid ligament may be produced by either external rotation or 
abduction forces. Partial tears, involving the anterior fibers of the ligaments, occur 
more often than complete rupture. Tears of the deltoid ligament are manifested 
clinically by swelling, ecchymosis and tenderness over the damaged part. 

If routine X-ray films show widening of the space between the medial malleolus 




SUB-TALAR JOINT 



TALO- NAVICULAR JOINT 
Fig. 198 The talus 
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and the talus, a tear of the deltoid ligament is suspected. Confirmation of the 
diagnosis can be obtained by abduction - external rotation stress films. 

A partial tear of the deltoid ligament is treated conservatively by immobilizing 
the ankle in a below knee plaster cast for 3 to 4 weeks. 

Both surgical repair and closed treatment have been advocated for a complete 
deltoid tear. 



Fractures of the Talus 

The talus is a dome-shaped bone. It is the only bone in the foot which does 
not provide attachments for any muscle but does serve for the attachment of 
several ligaments. 

It is divided into head, neck and body (Fig. 198). 



The arterial blood supply of the talus 
arises predominantly from branches of 
the anterior and posterior tibial arteries 
(Fig. 199). 

Disruption of the blood supply inter- 
nally by comminution and externally by 
ligamentous rupture and dislocation 
can lead to avascular necrosis of the 
body of talus. 

Fractures of the talus are uncommon 
and due to considerable force. A direct 
compression force may lead to crushing 
of the talus, while a dorsiflexion force 
usually leads to fractures of the neck of 
the talus. Fractures may occur in the 
head, neck, body or lateral process of 
the talus. 



DORSAUS PEDIS 




ARTERY OFTHE SINUS 

TARSI 



ARTERY OF IRE TARSAL 
CANAL 



Fig. 199 Blood supply 



Treatment 



1. Undisplaced fractures 



Reduction is not needed, and the limb should be immobilized in a below knee 
plaster cast. 

Weight bearing is allowed with fractures of the head but not with fractures of 
the body or neck. The cast is removed at 6-8 weeks. 
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Fig. 200 Fracture neck of the talus - internal fixation 

2. Displaced fractures 

The main complication in this type is avascular necrosis of the body. Reduction 
is urgent. Closed manipulation is first tried and forced plantar flexion is usually the 
basic maneuver. If this fails, open reduction and internal fixation is indicated (Fig. 
200). 



Fractures of the Calcaneum 

Fractures of the calcaneum usually result from falls onto the foot. They may be 
classified as non-articular or articular fractures. 

1. Non-articular fractures of the calcaneum 

The fractures in this group include: 

a) Beak fractures (Fig. 201) 

This is essentially an avulsion fracture. It can be treated conservatively by 
closed manipulation and immobilization in a below knee plaster cast in an equinus 
position, but it is best treated by open reduction and internal fixation. 

b) Other fractures (Fig. 202) 



Fractures of the medial tuberosity, anterior superior pole and sustentaculum tali 
can occur, but they are relatively unimportant fractures and require no special 
treatment apart from protected weight bearing until painless. 
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Fig. 201 Beak fracture - internal fixation 



FRACTURE OF 
SUSTENTACULUM TALI 




FRACTURE OF ANTERIOR 
SUPERIOR POLh 



FRACTURE OF MEDIAL 
TUBEROSITY 



Fig. 202 Non-articular fractures of the caicaneum 



2. Articular fractures of the caicaneum 



As result of falls onto the heels from a height, the caicaneum is driven up 
against the talus and is frequently crushed. 

The diagnosis can be made from the history of a fail, pain in the heel, and 
bruising, swelling and tenderness on clinical examination: it must be noted that 
the same accident may also have damaged the hips, pelvis and spine and all 
these must always be examined in calcaneal fractures. 

X-rays may show the fracture lines but the caicaneum may be so crushed that 
a fracture can not be seen, and careful examination of the x-rays is necessary to 
confirm the diagnosis. If a line drawn from the back of the superior angle of the 
caicaneum to the posterior aspect of the subtalar point and another line is drawn 
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Fig. 203 Bohler's angle 

form the anterior superior pole of the calcaneum to the posterior aspect of the 
subtalar joint an angle of 120 degrees is formed in the normal foot. However if the 
calcaneum is crushed, this angle 'Bohler's angle' is distorted (Fig. 203). (Bonier, 
Lorenz - Orthopaedic Surgeon, Vienna). 

Treatment 

The various methods of treatment available are: 

1 . Functional - elevation of the injured limb and firm bandaging combined with 
physiotherapy 

The foot is elevated, bandaged and exercised in bed for about two weeks. The 
patient is then allowed up with partial weight bearing on crutches until the calca- 
neum has consolidated (8 to 10 weeks). This is the method of choice for most 
surgeons. 

2. Reduction and plaster immobilization 

By using a pin inserted into the calcaneum as a lever, it is possible to elevate 
the depressed articular surfaces. Following reduction a plaster cast is applied for 
6 to 8 weeks. 

Although this method may improve the X-ray appearance, but the results in 
terms of performance of the joint are not better than those of the functional treat- 
ment. 

3. Open reduction and internal fixation 









Open reduction can be accurate and radiologically rewarding, but full function 
is rarely regained. 
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4. Subtalar arthrodesis 

Primary subtalar arthrodesis had been advocated by some surgeons in order 
to decrease the duration of pain, disability and to reduce time lost from work. 
However there are others who do not advocate this as a primary treatment. If a 
subtalar arthrodesis should be required it can always, be performed at a later date. 

Other Tarsal Injuries 

A crushing lorce may fracture the navicular or cuboid bone or both and also 
cause mid-tarsal dislocation. 

Treatment of these injuries is mostly conservative, dislocation or displacement 
is reduced under anaesthesia and the foot is immobilized in a below knee plaster 
cast for six weeks. 

If manipulation fails, open reduction is indicated. 

Fractures of the Metatarsus 

Fractures of the metatarsals may be single or multiple. 

Single fractures are usually due to direct violence or muscle avulsion, treatment 
is symptomatic, strapping is usually enough but if pain is severe a below knee 
walking plaster cast may be necessary. This type of fractures usually unite in 3 to 
6 weeks. 

Multiple fractures are usually due to crushing injuries, extensive soft tissue 
damage is common and this dictates the treatment. The primary aim is to control 
soft tissue swelling and prevent circulatory embarrassment and skin necrosis. The 
limb should be elevated and once the swelling has subsided, the foot is immobil- 
ized in a below knee walking cast for 6 weeks. Following removal of the cast 
intensive physiotherapy is necessary to remobilize the foot. 



Stress Injury (March Fracture) 

Stress fractures of the metatarsals 
are common. They affect the longest 
metatarsal which is subjected to abnor- 
mal stress if there is any forefoot mal- 
function. The term march fracture, or 
march foot is commemorative of the 
fact that this injury occurred frequently 
in new recruits into the army during the 
two world wars. The initial radiographs 
are frequently normal but hypertrophic 
callus soon develops, making the diag- 
nosis simple. 




Fig. 204 March fracture 
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Pain can be relieved by the use of a metatarsal pad under the foot, and physio- 
therapy may be helpful in neglected cases. 



Injuries of the Phalanges 

The phalanges are subject to fractures and dislocations. A heavy object falling 
on the toes may fracture phalanges; if the skin is intact the fracture is disregarded 
and treated symptomatica! ly. 

Metatarsophalangeal and inter-phalangeal dislocations are infrequent, they are 
most readily identified in the lateral radiographs. Reduction by traction upon and 
flexion of the toes is simple under general anaesthesia. Following reduction no 
special treatment is necessary. 



Part 3 
Special Topics 



•" 
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MANAGEMENT OF SEVERELY INJURED PATIENTS 



The management of patients with multiple injuries is an urgent and complex 
task. The first need is an organization that will enable the victim to be diagnosed 
and treated without delay and with the least possible disturbance, The clinical 
management must be taiiored to the presenting priorities which are in turn change- 
able, and treatment will often commence before definite diagnosis is possible. 

The aims should be, firstly, to save the patient's life and, secondly, to repair 
damage in order to save the injured parts and their function. To simplify the 
problem, we will discuss management under the foilowing three headings: 

Stage I Resuscitation and life saving operations. 

Stage II Examination and stabilization: 

Stage III Repair and reconstruction. 

The following table shows priorities in evaluation and resuscitation of the injured 
patient: 



Rapidly fatal conditions Respiratory failure 

Circulatory failure 
Central nervous system failure. 

Injuries requiring prompt therapy or dia- Face and jaw injuries 

gnostic studies Abdominal injuries 

Spinal injuries 

Wounds 

Fractures. 



Stage I Resuscitation and Life-saving Operations 

This stage is aimed at recognition, treatment and prevention of any threat to life. 

The rapidly fatal conditions following multiple injuries are: 

Respiratory failure, circulatory failure and central nervous system failure. 



Chest Injury - Respiratory Failure 

Much information about chest injury and the need for measures such as pleural 
drainage and artificial ventilation can be obtained by clinical examination. 

Although radiography is of value, it is not immediately practical in the early 
stages of resuscitation. 
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Physical signs of chest injury: 

1. inspection 

a) Respiratory distress. 

b) Cyanosis - which can be difficult to recognise after severe injury and in 
poor light. 

c) Jugular - venous distention. 

d) Surgical emphysema. 

e) Loss of symmetry of both shape and movement of the chest. (Stove in 
chest, fiai! chest and paradoxical movement) 

2. Palpation The trachea may be displaced. 

3. Percussion and auscultation may reveal signs of haemothorax and/or 
pneumothorax. 

Management of chest injury 

The immediate therapeutic aims are: 

1. Establish, maintain and protect a clear air passage (Fig. 205). Airway has to 
be cleared of foreign materials (blood-clots, vomitus, broken teeth) sweep fingers 
around posterior pharyngeal wall. Use tongue forceps and mouth gag if necessary, 
extension of head and elevation of jaw will overcome hypoxia caused by swallow- 
ing the tongue, move the cervical spine with great care since unstable fracture 
may not have been diagnosed. 




ENDOTRACHEAL TUBE 



Fig. 205 Clear, maintain and protect air passages 
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PNEUMOTHORAX 




<^>t^ 




HA.EMQTHORAX 




Fig. 206 Drainage of pneumothorax 



Fig. 207 Drainage of haemothorax 



Maintaining the cleared airway can be achieved by oropharyngeal or endo- 
tracheal tube as necessary. 

Once secured, airway should be protected against inhalation of blood and vomit 
by turning patient on his side (Tonsillar position) if possible. 

2. Restore ventilation of the lung by natural or artificial means, in this respect 
it must be remembered that artificial ventilation should include the use of a large 
drainage tube for air if there is any possibility of a rapidly expanding 
pneumothorax, which can occur with artificial ventilation. 

3. Restore full expansion of the lung by removing air or blood from the pleural 
space, Fig. 206 & 207. 

4. Stabilization of the chest wall (Flail chest) 

This is best achieved by intermittent positive pressure ventilation (I.P.P.V). 

5. Tracheostomy: This is seldom necessary for initial maintenance of airway, 
however it may be life saving and therefore mandatory in e.g. impacted foreign 
bodies, injuries of face, jaw and neck involving the integrity of the upper respiratory 
tract. 



Circulatory Failure 



Shock 



Shock is a state of impaired cellular metabolism that usually results from in- 
adequate capillary perfusion. 
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Causes of shock 

1. Hypovoiaemic; due to haemorrhage whether external or internal, plasma 
loss, or loss of body fluids and electrolytes. 

2. Cardiogenic: e.g. myocardial infarction, arrythmias. 

3. Neurogenic: e.g. spinal shock. 

4. Obstruction of blood flow: e.g. cardiac tamponade, massive pulmonary 
embolism. 

5. Cellular shock or impaired cellular utilization of oxygen: e.g. drug poison, 
infectious toxins. 

6. Anaphylaxis from violent allergic reaction. 

7. Vasovagal shock due mostly to excessive pain. 

Hypovoiaemic shock 

The most frequent cause of shock after injury is haemorrhage. Reflex and other 
causes of shock can play a part, but they are unlikely, by themselves, to give rise 
to more than temporary anxiety. 

Diagnosis 

The patient may complain of thirst, nausea, vomiting. Clinically the skin and lips 
are pale and extremities are cold and clammy. The respiration is shallow and rapid. 
As compensation fails the pulse becomes rapid and weak while the blood pressure 
drops. The state of consciousness changes from anxiety to apathy to unrespon- 
siveness. 

Treatment 

1. Restore normal blood volume 

The surgeon's most important tasks are: 

a) Stop bleeding. 

b) Recognize and diagnose the site of, and manage internal bleeding. 

c) Decide whether the patient needs blood, and if so, how soon, and in what 
quantity. 

The likely need for blood can be estimated with useful accuracy by expressing 
the injuries in terms of the estimated amount of blood loss they cause, Fig. 208. 

2. Monitor vita! signs 

a) Pulse - B.P. 

b) Central venous pressure. 

c) Haematocrite. 

d) Urine output. 
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FRACTURED HUMERUS 
/ 2 LITRE 



FRACTURED PELVIS 
ft-5 LITRES 

MAJOR HAND INJURY 
Y% LITRE 

FRACTURED FEMUR - 

1-5 LITRE 



FRACTURED TIB/A 
1-2 LITE'S 



[MAJOR ANKLE FRACTURE 
I LITRE 




ARRANGE OF PROBABLE 
BLOOD LOSS IN CLOSED 
FRACTURES- AMOUNTS 
MAY BE DOUBLED IN 
COMPOUND FRACTURES. 




B). FROM A 4-bO ml CONTAINER THE PATIENT 
GETS ONLY 4-00-4-20 mi. OF ACTUAL 
BLOOD -THE REST IS ANTICOAGULANT. 



Fig. 208 Blood loss in fractures 



3. Give additional support 






a) Respiratory assistance. 

b) Digitalization for cardiac failure. 

c) Steroids to stabilize cellular & intercellular membranes. 



Head Injury 

The most common head injury is concussion. It requires no special treatment 
beyond rest, but careful observation is necessary because compression from intra- 
cranial haemorrhage or oedema may supervene. 

Clinical examination is essential to establish a base-line of information regard- 
ing the level of consciousness, the pupil and its reaction, blood- pressure, pulse- 
rate, respiration and motor-power in the limbs. Frequent examinations are required 
to establish the progress of injury. Special investigations such as plain X-rays, 
computerized tomography and carotid angiography are of value in establishing the 
diagnosis of lesions such as intra or extra cerebral haematoma, contusions and 
oedema, thus simplifying management. 

Treatment 



1. It is essential to establish and maintain a clear air-way to prevent hypoxia 
which could lead to cerebral damage. 

2. Extra-dural haemorrhage is treated by craniotomy. 
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3. Depressed fractures with localizing signs, need to be eievated. 

4. Generalized increase of intra-cranial pressure can sometimes be relieved by 
osmotic decompression, e.g. intravenous infusion of hypertonic solution such as 
triple strength plasma or mannitol. 



Face and jaw injuries 

The facial skeleton can be divided into three areas: 

The lower third which is the mandible, the upper third formed by the frontal 
bone and the middle third in between the frontal bone and the upper teeth. So, 
maxillo-facial injuries include fractures of the mandible and or the maxilla with 
involvement also of the surrounding soft tissue and other anatomical structures in 
the area, e.g. the orbit, nasal air-way and tongue. 

Facial and scalp lacerations often bleed quite freely, and emergency suturing 
may be required to control blood loss while resuscitation is carried out. If this is 
the case, the wound may be resutured more carefully when resuscitation is secure, 
as facial lacerations require very meticulous suturing with close small stitches to 
ensure a satisfactory cosmetic result. Excision of wound edges and the perfor- 
mance of delayed suture so often necessary in other areas of the body are only 
necessary in facial and scalp lacerations under quite exceptional circumstances, 
owing to the very marked capacity that facial and scalp tissues have for healing. 

In severe injuries, tracheostomy may be needed to ensure an adequate airway. 
Reduction and fixation of the fracture itself is less urgent. It is usually safe to wait 
until the services of a facio-maxillary surgeon can be obtained. 



Abdominal injury 

The most useful signs of abdominal injury are: 

1. Increasing and spreading discomfort and tenderness. 

2. Increasing muscle resistance to palpitation. 

3. Unexplained signs of bleeding. 

4. Bruising of abdominal wall. 
Plain X-ray in different positions and intravenous pyelography and cystography 

may be needed to help in diagnosis. Diagnostic peritoneal tap is a useful proce- 
dure but it may give false negative results in a small number of cases. 

The most important abdominal injuries are: rupture of viscera, e.g. ruptured 
spleen, liver, and of blood vessels. 

Once diagnosis of abdominal injury has been made, treatment is surgical by 
laparotomy and repair of the injury or removal of the injured part if it is beyond 
repair, e.g. splenectomy, nephrectomy. 

It is usually wise to resuscitate the patient before submitting him to laparotomy, 
but occasionally where bleeding is outstripping efforts at such resuscitation, there 
is no choice but to operate at once, if only to stop the internal haemorrhage by 
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securing the pedicle of the bleeding organ between finger and thumb while further 
resuscitation proceeds. 



Stage tl Examination and Stabilization 

Urgent steps to save life are sometimes a necessary preliminary to make, what 
is, as far as possible, a complete diagnosis of the patient's injuries. However 
thorough, the first clinical examination can overlook severe injuries of some parts 
of the body. 

The chest, spine, hips and pelvis should be radiographed in any victim of 
severe or multiple injury and especially if he is unconscious. The first clinical 
examination can also overlook mild injuries that if not treated at the right time may 
cause more inconvenience or disability than those which were more serious, but 
were diagnosed and treated at once. 

The patient must be carefully re-examined within 24 hours. In spite of its 
shortcomings, clinical examination can be remarkably informative when it is car- 
ried out with full awareness, firstly of the injuries which are likely to have resulted 
from the accident and secondly of the combinations of injuries that can be ex- 
pected after a serious accident. 

It may be only in this second stage that the patient can be fully undressed. After 
severe injury, it is often wise to defer what can be a lengthy and disturbing process 
until the patient can withstand it. 



Patterns of injuries 

Injuries of the musculoskeletal system follow certain patterns in severe trauma, 
also combination or paired injuries may be occurred. 

The initial search for injuries should be repeated within 24 hours and carried 
out with no less care and attention than the first, because it so happens that tell 
tale bruising and swelling takes several hours to appear. 

1 . Pedestrians knocked down by vehicles are liable to suffer injuries from head 
to foot, mainly on one side. Each of the possible injuries should be sought in turn. 

2. Occupants of motor-cars suffer a different pattern of injuries, particularly 
when they are not restrained. Pairs of injuries to be borne in mind are: 

a) Signs of injury of the face or brow and hyper-extension of the neck. 

b) Severe injury of the pelvis with rupture of the diaphragm. 

c) Injuries of the knee with dislocation of the hip. 

d) Fracture of the femur with injury of the hip. 

e) Fracture of the leg and ankle and injuries of the foot. 

3. Fall from a height gives a combination of fractures, calcaneum pelvis or hip 
and spine. 

Apart from the necessary examination and recording at this stage, wounds 
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need to be dressed. Tetanus toxoid is usually needed either to initiate or to boost 
immunity. Antibiotics may also be necessary. 

Injured limbs need comfortable support by either inflatable splints or even sand 
bags. 

The continued observation during Stage II may show failure to make the ex- 
pected response to resuscitation and may, therefore, raise the possibility of hidden 
and unsuspected bleeding into chest, abdomen and pelvis. 



Stage III Repair and Reconstruction 

Following resuscitation and possibly stabilization, operative procedures to re- 
pair the damages are undertaken at this stage. 
An orderly sequence is important: 

1. Stop bleeding: 

In order of importance are: Intracranial, intrathoracic and intra-abdominal bleed- 
ing.- 

2. Treat major chest injuries: 

This may necessitate thoracotomy, tracheostomy etc. 

3. Laparotomy and repair of ruptured abdominal viscera. 

4. Open wounds are excised and dressed. 

5: Fractures are splinted, and internal fixation may be needed in cases of 
multiple injuries. This should not be delayed as early definitive treatment 
reduces morbidity and mortality. 
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PERIPHERAL NERVE INJURIES 



Anatomy (Fig. 209) 

The separate nerve fibres are loosely bound together by a fine meshwork of 
collagen, known as the endoneurium, the various bundles or fasciculi of nerve 
fibres are each enclosed by the perineurium and all bound together by a relatively 
coarsely structured fibrous sheath, the epineurium, in which run the blood vessels 
supplying the nerve. 

EPINEURIUM 



EEMDOMEURiUM 





MYELIN SHEATH 



MESONEUKIUM 



MODE OF RANVIER 



PERINEURIUM (EPITHEL^L IMER) 
ENCLOSES EACH FASCICLE 



Fig. 209 The anatomy of a peripheral nerve 



Functions of a Peripheral Nerve 



1. Motor. 

2. Sensation. 

3. Autonomic. 

a) Vasomotor. 

b) Sudomotor. 
; c) Pilomotor. 

the following anatomical sites are the most common where nerves tend to be 
damaged or entrapped: 

a. The radial nerve in the spiral groove of the humerus. 
, b. Ulnar nerve behind the medial epicondyle of the humerus. 

c. The lateral popliteal nerve as it spirals round the neck of the fibula. 
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Mechanism of Injury 

Nerve injuries can be associated with fractures in a variety of ways. 

1. Direct injury by the displaced fragments (commonest cause). 

a) Stretching, and 

b) laceration. 

2. Indirect injury (delayed injury) resulting from. 

a) Callus and scar tissue 

b) deformity, and 

c) ischaemia from injury to vessels. 

Pathology 

When a nerve is injured, changes occur not only in the nerve itself, but also in 
dependent structures. 

1. Changes in the nerve fibre 

The distal segment of an interrupted nerve fibre undergoes degeneration 
whether immediate suture is undertaken or not. To this phenomenon the term 
Wallerian degeneration is applied. Proximal to the injury, degeneration takes place 
in a retrograde fashion for one or two nodes only. 

By the fifth day, regenerating axons reach the proximal cut surface. In the 
absence of suture the divided nerve itself is usually the site of a neuroma or 
pseudoneuroma. A neuroma is a bulbous swelling resulting from the local prolifer- 
ation and entanglement of regenerating nerve fibrils, and it forms, round the pro- 
ximal end. It usually blocks the growing fibrils eventually. The pseudoneuroma 
arises as a result of the proliferation of the neurological elements in cases of 
partial division. It gives rise to a swelling situated on the course of the nerve. If 
the nerve was repaired, the regenerating axons cross the site of repair and grow 
at the rate of about 1 mm per day. 

2. Changes in dependent structures 

Many other structures and functions, are liable to suffer following peripheral 
nerve division. 

a) Skin changes 

The loss of autonomic control leads to smooth atrophic skin, with loss of hair, 
and skin papillae, poor temperature response and loss of subcutaneous fat. 

b) Muscle changes 

Muscles become wasted, atrophic and deformities may occur due to imbalance. 
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c) Skeletal changes 

The skeletal tissue of a denervated limb undergoes bony osteoporosis, with 
fibrotic and degenerative changes occurring in joints unless careful measures are 
taken to keep the limb moving passively. 

Most of the structures and organs in a limb, including muscles and sensory 
end-organs, are apparently capable of surviving for about a year without innerva- 
tion, but after this time they become increasingly less likely to regain function, 
even if successful axonal regeneration occurs. 



Diagnosis 

The diagnosis of peripheral nerve injury is relatively simple and depends upon 
attention to: 

1. Loss of motor function in the muscles supplied by the nerve. 

2. Loss of sensation in the appropriate region. 

3. Loss of autonomic functions. 

The following table summarises the disturbance associated with peripheral 
nerve injury: 





Function 


Loss seen as 


Motor 


Voluntary muscle 


Paralysis, atrophy, deformity. 


Sensation 


1 . Touch 

2. Temperature 

3. Deep structures 

4. Proprioceptive 


Loss of sensation 

Loss of reflexes 

Altered joint position sense. 


Autonomic 


1. Vasomotor 


Vasodilatation, vasoconstriction 




2. Sudomotor 


Loss of sweating 




3. Pilomotor 


Loss of follicular pimples. 



Classification 



1. Neurapraxia 

This term is used to describe injury in which the nerve is contused, compressed, 
or stretched, without disruption of the axons. This condition is associated with 
early recovery. 
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2. Axonotmesis 

The nerve has been contused, compressed or stretched. The axon has been 
disrupted. All of the nerve investments remain intact. The injury has been severe 
enough that Wallerian degeneration will take place. 

3. Neurotmesis 

The nerve has been completely or partially divided, it is commonly associated 
with an open wound. Repair is required before regeneration can take place. 

Treatment of Peripheral Nerve Injuries 

The treatment of nerve injuries may be either conservative or operative. 

1. Conservative treatment 

In every case of nerve injury, the first procedure to adopt is the splintage of the 
limb in the position which will most completely relax the affected muscles. The 
most important objective in this treatment is to preserve the mobility of the whole 
limb and every part of it. 

Splintage has to be carefully used, therefore, and at least once every day every 
joint must be put through its full range of movement. 

2. Operative treatment 

a) Nerve repair 

Nerve repair is indicated for neurotmesis. Primary repair should be carried out 
in open injuries if the wound is clean. If the wound is ragged and contused second- 
ary repair is advisable ideally two or three weeks post injury. 

b) Reconstructive surgery 

Secondary reconstruction of the affected extremity in the form of joint ar- 
throdesis or tendon transfer is indicated when operations on the nerve itself are 
not appropriate or failed. 
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Nerve Injuries in the Upper Limb 

Brachial Plexus Injuries 

Injuries to the brachial plexus, that is roots, trunks and divisions, are not in- 
frequent. The majority of such lesions are traction lesions and are commonly due 
to high speed road accidents. 

Anatomy (Fig. 210) 

The brachial plexus is formed by the anterior primary divisions of the fifth, sixth, 
seventh, and eighth cervical and first thoracic nerves, which join and then sub- 
divide according to a constant plan. The plexus may be reinforced by a contribution 
from the fourth cervical, when it is known as a pre-fixed plexus; or a reinforcement 
may be present from the second thoracic, in which case it is known as a post-fixed 

plexus. 

An accurate examination can identify the site of neurological injury. Many of 
the large muscles are innervated from several segments, but usually isolated 
injuries of the plexus bear heavily on certain muscles. The following list gives the 
commonest effects of section of the individual roots in terms of paralysis: 




T2 



Fig. 210 Anatomy of the brachial plexus 
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C5 Rhomboids, deltoid, supra and infra spinatus, biceps, brachialis, ciavicuiar 
head of pectoralis major. 

C6 Sternal head of pectoralis major and triceps. 
C7 Extensors of wrist and fingers. 
C8 Flexors of wrist and fingers. 
T1 Intrinsic muscles of hand. 

The lowest root of the plexus carries in it for a short distance some of the 
sympathetic fibres which have left the cord in the anterior roots of the first and 
second thoracic segments. Rupture of the former root will, therefore, be accom- 
panied by Horner's syndrome as well as by paralysis of the small muscles of the 
hand. 

Signs of Horner's syndrome 

1 . Drooping of the upper lid. 

2. Narrowing of the palpebral fissure. 

3. Retrogression of the eyeball (enophthaimos). 

4. Contraction of the pupil. 

5. Loss of the ciliospinal reflex; normally the pupil dilates when the sympathetic 
is paralysed this reflex is lost. 

6. Anhydrosis. 

Management of brachial plexus injuries 

It is important to perform a detailed evaluation of the injury at the outset for 
prognostic purposes. This includes taking an adequate history in order to get 
some idea of the circumstances, velocities and violences which pertained at the 
moment of trauma. On examination the face and lower exremities must be in- 
cluded, and the cervical spine should be examined for local bony tenderness and 
range of motion. The supraclavicular fossa must be palpated to exclude a conco- 
mitant vascular injury. A detailed muscle and sensory chart should be documented 
as a baseline for any future change. 

Electrophysiological assessment is of no value in dealing with a fresh injury. 
This period is too early for loss of nerve conduction and too soon to notice any 
denervation potentials on electromyography. 

X-ray evaluation is important, anteroposterior and lateral views of the cervical 
spine should be taken on arrival. These serve to exclude a concomitant cervical 
spine fracture dislocation but, more importantly, may reveal a scoliosis away from 
the side of the lesion, indicating that the ipsilateral cervical musculature has been 
torn by the traction violence. Ipsilateral avulsion of cervical transverse processes 
by the levator scapulae muscle indicates a severe local violence. 

Myelography is particularly useful in delineating proximal lesions. If a nerve root 
has been avufsed from the cervical spinal cord, there is no restraint to the passage 
of contrast medium outside the axial skeleton and a pouch of contrast medium at 
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the exit of the nerve root is diagnostic of root avulsion. 

Axon reflex tests are useful in differentiating pre- and postganglionic lesions 
and are based upon the physiological principles of the axon reflex. If histamine is 
applied to the skin, a tripie response is evoked a red reaction, flare and weal. The 
red reaction and weal are local responses of the skin to applied histamine but the 
flare is mediated by an axon reflex which stops short of the spinal cord at the 
posterior ganglion. Thus, if histamine is applied to the insensitive dermatomes of 
the brachial plexus lesion, and all three modalities of the triple response are 
present, then the lesion is preganglionic. 

Bad prognostic features 

1. A history of severe violence. 

2. Horner's syndrome. 

3. A pulsatile swelling in the supraclavicular fossa. 

4. A cervical scoliosis. 

5. Avulsion fractures of the transverse processes of the cervical spine. 

6. Myelographic evidence of root avulsion. 

7. A positive axon reflex test. 

Upper root (C5 to C6) palsy - Erb's palsy 

(Erb, 1840-1921. Professor of medicine first at Leipzig then Heidelberg) 
With this lesion, the patient presents with an adducted, medially rotated hume- 
rus. There is paralysis of the deltoid, lateral rotators of the humerus, and the 
clavicular portion of the pectoralis major, as well as partial involvement of the 
biceps muscle. The forearm and hand are otherwise unaffected, except for an 
inconstant sensory deficit which proceeds along the radial aspect of the arm from 
the thumb and index finger to the apex of the shoulder. Paralysis of the extensors 
at the elbow, wrist, and fingers implies involvement of the C7 root as well. 

Lower root (C8 to T1) palsy - Klumpke's palsy 

{Klumpke, Augusta. 1859-1927, Neurologist Paris). 

This injury is far more common at birth than in adults. The arm is normal 
proximally, but there is weakness of intrinsic hand muscle function and loss of 
sensation on the palm. 

Treatment of brachial plexus injuries 

Most brachial plexus injuries caused by stretch or contusion will recover spon- 
taneously within six months. Such injuries rarely require surgical treatment. Rest 
and relief of tension of the brachial plexus are of help during initial treatment. All 
flail joints should be splinted in a functional position and put through a full range 
of motion each day. Failure to improve over a period of several months may 
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indicate laceration of one or more brachial plexus components, the repair of which 
may be complex and will require grafting. 

For the Erb's palsy secondary reconstructive procedures offer a much greater 
chance of functional restoration than do attempts at nerve repair. 



Median Nerve Injuries 

Anatomy 

The median nerve arises from the brachial plexus and carries fibres from the 
6th, 7th, 8th cervical and 1st thoracic roots. It is the motor nerve to the wrist 
flexors, long flexors to the fingers and some of the intrinsic muscles of the hand 
(the lumbricals to the index and middle fingers and the thenar muscles with the 
exception of adductor pollicis). The sensory distribution of the median nerve in the 
hand is to the radial half of the hand. 

Mechanism of injury 

The median nerve is most frequently injured in wounds of the forearm, espe- 
cially penetrating injuries, such as those caused by broken glass. It may also be 
injured in fractures of the lower end of the humerus. 




Fig. 211 Median nerve injury - Pointing index 



/// Special topics 



207 



Diagnosis 

1, Loss of motor function 

A complete division of the median nerve above the elbow involves the flexors 
of the wrist, fingers and thumb, the pronator teres and the pronator quadratus, as 
well as the opponens pollicis, abductor pollicis and the superficial head of the 
flexor pollicis brevis. 

The characteristic attitude: The thenar eminence is wasted and the thumb 
rolled laterally. 

When the patient is asked to close the fist, the thumb and the index finger 
remain extended {pointing index), Fig. 211. 

2. Sensory 

The sensory loss involves the thumb, index and middle fingers and half the ring 
finger, Fig. 212. The functional incapacity of the hand is severe, as the median 
nerve is the 'eye' of the hand. 

Treatment 

• 

Surgery is indicated in open injuries, exploration and primary repair of the 
damaged nerve is carried out if at all possible and the wound is clean, secondary 
repair two to three weeks later is indicated if the wound is ragged and contused. 





Fig. 212 Median nerve injury - sensory loss 
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If there is no recovery of motor function the main disability is loss of opposition. 
This can be overcome by muscle transfer operation. 

Prognosis 

After suture the thenar muscles rareiy make a satisfactory recovery. Recovery 
of crude sensation to pain and temperature is usual but that to light touch is less 
common. 



Ulnar Nerve Injuries 

Anatomy 

The ulnar nerve arises from the brachial plexus and carries fibres of the 8th 
cervical and 1st thoracic roots. In the forearm it supplies the flexor carpi ulnaris 
and the ulnar half of the flexor digitorum profundus, in the hand it supplies all the 
muscles except the 1st and 2nd lumbrical and the thenar muscles although it does 
supply adductor poliicis. The sensory distribution is to the ulnar part of the hand, 
the little finger and the medial half of the ring finger. 

Mechanism of injury 

The ulnar is commonly injured: 

1. At the elbow in fractures of the lower end of the humerus specially those 
affecting the medial epicondyle. 

Malunion leading to cubitus valgus may sometimes cause late ulnar nerve 
lesion. 

2 At the wrist, it is commonly associated with open injuries. 

Diagnosis 

1. Loss of motor function 

injuries at or above the elbow is associated with paralysis of all the muscles 
supplied by the nerve. Injuries at the wrist will lead to paralysis of the interossei 
resulting in loss or weakness of finger abduction/adduction, paralysis of the medial 
two lumbricals, and paralysis of the adductor poliicis, Fig. 213. 

Characteristic attitude: The muscular atrophy give the familiar flattening of the 
hypothenar eminence, the depressed interosseous spaces, and the prominence 
of the metacarpal heads in the palm. A claw-hand deformity, most marked in the 
ring and little fingers, develops later (Fig. 214). 
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Fig. 213 Ulnar nerve - motor loss 




CLAW HAND 
Fig, 214 Ulnar nerve injury - Characteristic attitude 
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Fig. 215 Ulnar nerve - sensory loss 



2. Sensory loss 



Sensation is lost over the ulnar border of the hand, the entire little finger and 
ulnar half of the ring finger, on both extensor and flexor surfaces (Fig. 215). 

Treatment 

Exploration and repair is indicated in open injuries. Ulnar lesions due to defor- 
mities at the elbow are treated by nerve transposition. 

Prognosis 

The functional disability following division of the ulnar nerve is slight. The dis- 
ability affects particularly the fine movement of the fingers, and even after a suc- 
cessful nerve suture at the level of the wrist in an aduit there is generally consid- 
erable permanent loss of intrinsic muscle action. Much of this loss can be improved 
by tendon transfers around the wrist and hand, and the sensory deficit is not a 
serious handicap, as the two ulnar fingers only are involved. 



Radial nerve injuries 



Anatomy 

The radial nerve arises from the posterior cord of the brachial plexus and 
carries fibres from the fifth to the eighth cervical roots inclusive. It is the motor 
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nerve to the extensor muscles of the upper limb (triceps, anconeus, wrist finger 
and thumb extensors). It also supplies a branch to brachioradialis and supinator 
The sensory distribution is small and supplies the skin on the dorsum of the hand 
between the thumb and index metacarpals. 

Mechanism of injury 

The radial nerve is one of the most frequently injured of all nerves. The majority 
of radial nerve lesions are associated with fractures of the shaft of the humerus 
in some cases, the nerve may be divided by the bony fragments or a delayed 
nerve lesion may develop because the nerve is involved in scar or callus. In the 
majority of cases, however, the injury is a lesion in continuity due to traction or 
crushing of the nerve between the bone ends. 

Diagnosis (Fig. 216) 

1. Motor loss 

The paralysis affects the extensor group of muscles, the brachioradialis, the 
radial and ulnar carpal extensors, and the extensors of the thumb and fingers. 




Fig. 216 Radial nerve injury - diagnosis 
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Paralysis of the triceps muscle is very rare, as all the branches supplying it arise 
before or just as the main trunk enters the radial groove. 
Characteristic attitude: Drop wrist. 

2. Sensory loss 

The sensory signs are trivial, a small ill-defined, triangular zone of anaesthesia 
on the dorsum of the hand over the first interosseous space is lost. 

Treatment 

1. Conservative treatment 

With closed injuries of the radial nerve the condition is usually one of axonot- 
mesis or neurapraxia, and only rarely neurotmesis. The nerve lesion is treated 
conservatively by splinting the wrist in extension to avoid over-stretching of the 
paralysed muscles. The paralysed metacarpophalangeal joints and thumb are 
extended by splints (Fig. 217). Massage, electrical stimulation of paralysed mus- 
cles and passive joint exercises are also instituted as in any other peripheral nerve 
lesion. 




B 



A ' LIVELY '" SPLINT 
Fig. 217 Radtai nerve injury - splints 
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2. Operative treatment 

a) Nerve repair 

This is indicated in open injuries. Since the nerve is almost wholly a motor one, 
and the amount of sensory recovery unimportant, the results of suture should be 
good. 

b) Nerve exploration 

This is indicated if the nerve fails to recover within six months of conservative 
treatment, if the nerve is involved in scar and callus it should be freed (neurolysis). 

c) Reconstructive surgery 

This is indicated to improve function if other methods of treatment have failed. 
The following table summarises the commonly used muscles for transfer. 



Muscles 



Nerve supply To replace 



Pronator teres 


Median 


Palmaris longus 


Median 


Flexor carpi radialis 


Median 



Flexor carpi ulnaris Ulnar 



Extensor carpi radialis longus and brevis 

Extensor pollicis longus 

Extensor pollicis brevis 
Abductor pollicis longus 

Extensor digitorum 
Extensor indicis 



Prognosis 

The results of suture of this nerve are better than others, some recovery in all 

the muscles can usually be anticipated. The sensory function is not likely to return, 
but this is no handicap. 



Nerve Injuries in the Lower Limb 
Sciatic Nerve Injuries 

Anatomy 

The sciatic nerve arises from the lumbo-sacral plexus and carries fibres from 
the fourth and fifth lumbar roots and the first, second and third sacral roots. It is 
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the motor nerve to the lower limb supplying all the muscles, except those on the 
anterior, and medial aspect of the thigh, which are supplied by the femoral and 
obturator nerves. 

Its sensory distribution is extensive; it supplies the skin of the posterior aspect 
of the thigh and leg, the lateral aspect of the leg and skin of the foot. Below the 
knee it supplies both muscle and skin through the agency of its two terminal 
branches; the medial and lateral popliteal nerves. 

Mechanism of injury 

Lesions of the sciatic nerve are infrequent, stretching of the nerve may occur 
with posterior dislocation of the hip, and laceration may occur with deep wounds 
of the thigh, especially gunshot wounds. 

Diagnosis 

1. Motor loss 

In a complete injury of the sciatic nerve there is usually paralysis of all the 
muscles below the knee. In partial injuries the lateral popliteal division is the one 
usually damaged. 

Characteristic attitude: Drop foot. {Fig. 218) 




Fig. 218 Drop foot 



2. Sensory loss (Fig. 219) 



In complete lesions, the sensation is abolished in the foot over a zone conve- 
niently termed the slipper area. In partial lesions, there is usually sensory distur- 
bance on the lateral aspect of the leg, and the lateral aspect and dorsum of the 
foot. 

Treatment 



Exploration of the sciatic nerve is indicated especially with open injuries. Nerve 
repair should be carried out if possible. 

While recovery is awaited, below knee irons and a toe raising spring are worn. 
Great care should be taken with socks, shoes and foot toilet to try to avoid trophic 
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Fig. 219 Sciatic nerve injury - sensory loss 



uicers. If recovery fails, correction of the foot drop will be required. In partial 
lesions of the nerve, the tibialis posterior is usually functioning strongly and an- 
terior transfer of this muscle gives satisfactory results. In complete lesions, the 
tibialis posterior muscle is likely to be paralysed in these circumstances, a toe 
raising device or caliper is necessary. 

Prognosis 

Although neurological recovery is never complete following nerve repair, good 
function of the limb can be obtained. 



Common Peroneal Nerve Injuries 

Anatomy 

The common peroneal nerve arises from fourth and fifth lumbar, first and sec- 
ond sacral roots. It supplies the tibialis anterior, the extensor digitorum longus, the 
extensor hallucis longus, the extensor digitorum brevis, and the long and short 
peroneal muscles. 

Mechanism of injury 



The nerve is frequently compressed at the knee where it winds laterally around 
the neck of the fibula (Fig. 220). 
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The common causes of the com- 
pression are: 

1. Inadequately padded plaster 
casts. 

2. Skin traction applied over the neck 
of the fibula. 

• 3. Pressure on the neck of the fibula 
may also occur if the leg is allowed to 
lie in an externally rotated position due 
to inadequate splinting following frac- 
tures of the femur. 

Diagnosis 

1 . Motor loss 

The paralysis affects the long exten- 
sors and the evertors of the ankle and 
foot. 

Characteristic attitude: Plantar flex- 
ion and inversion of the foot, (drop foot). 

2. Sensory loss 

Anaesthesia is noted only over a 
small triangular area opposite the first 
metatarsal space. 




Fig. 220 Common peroneal nerve 



Treatment 

In closed injuries, active exercises and wearing of drop foot appliance (Fig. 
221) is necessary. If recovery fails, tendon transfers operation (anterior transfer 
of tibialis posterior) will improve function and gait. 

In open injuries, nerve repair should be attempted. 



PIVOT WITH BACK STOP 

(PREVENTS PLAMTAR FLEXION 
BUT ALLOWS DORSI FLEXION) 




SQUARESHAPED PIVOT 
(PREVENTS ALL AUKIE 
MOVEMENTS) 



Fig. 221 Appliances for drop foot 
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Prognosis 

The prognosis regarding recovery following common peroneal nerve injuries is 
bad. Tibialis posterior tendon transfer operation does improve the function and the 
gait. 
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VASCULAR INJURIES ASSOCIATED WITH 
FRACTURES AND DISLOCATIONS 



Vascular injuries are uncommon complication of long bone fractures. These 
injuries are often multifactorial with arterial venous, lymphatic, and micro-vascular 
components. 

Skeletal trauma can easily conceal vascular injuries because attention is given 
only to the obvious bone deformity. Consequently, recognition of these injuries is 
too late, and the likelihood of a successful repair is greatly decreased. 



Arterial Injuries 

Interruption of the arterial supply may be due to: 

1. Swelling 

2. Division of the vessel 

3. Occlusion 



Diagnosis 

The diagnosis is not usually difficult, providing the possibility is borne in mind. 
The following features should arose suspicion: 
1. Certain fractures where the artery passes close to bone {Fig. 222). 



POPLITEAL 
ARTERY 





BRACHIAL 
ARTERY 



SUPRACONDYLAR FRACTURE -FEMUR SUPRACONDYLAR FRACTURE -HUMERUS 

Fig. 222 Common sites of arterial injury 
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a) Supracondylar fracture of the humerus may cause brachial artery injury. 

b) Supracondylar fracture of the femur may cause popliteal artery injury. 

2, Run-over injuries 

Occasionally, these injuries produce arterial occlusion from intimal damage. 

3. The development of severe pain which increases on passive stretching of the 
infarcted muscles. The most commonly affected are the flexors of the fingers and 
the toes. 



Signs of Acute Ischaemia 

The following table summarises the cardinal signs of acute ischaemia: 
(Pnemonic - Please press and see how colour fades) 



Signs of acute ischaemia 



1 ■ Pain Intensity increase on passive extension of finger and toes. 

2. Pulsation Obliteration of peripheral pulses. 

Loss of capillary circulation. 

3. Sensation Paraesthesia or anaesthesia in the territory of the ischaemic nerve. 

4. Heat The skin is cold. 

5. Colour The skin may be completely white or congested and cynosed. 

6. Force Active movements are weak or absent. 



Investigations 

The clinical diagnosis of arterial injury may be difficult in some cases in which 
the signs of ischaemia are not clear. One or more of the following investigations 
may be needed to confirm the diagnosis. 

1. Ultrasound (Doppler) 

This device can be useful in localizing patent arteries and veins that are not 
palpable distal to a fracture or dislocation. 

2. Arteriography 

Although arteriography is an invasive procedure, it has a high diagnostic yield 
and low complication rate. Arteriography is recommended early in the evaluation 
of patients who demonstrate any sign of arterial insufficiency. 
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3. Venography 

This should be performed when there is suspicion of either isolated or concomit- 
tant venous injury. 



Treatment 

1. Ischaemia due to swelling. 

If ischaemia is due to swelling ail tight dressings, splints, plaster of Paris, should 
first be split down to skin or removed and the limb elevated. Unless this produces 
a rapid improvement in the circulation, surgical treatment is indicated. 

Basically, surgical treatment is directed towards relieving the pressure caused 
by the swollen soft tissues contained within an unyielding fascial envelope (com- 
partment syndrome). The deep fascia is incised throughout the injured area and 
the incision should be so placed that the vessels can be inspected. Any damage 
to the vessels is dealt with accordingly. > 

2. Division of the vessel 

If the main arterial supply is transected it must be repaired. Repair is technically 
feasible as far distally as the popliteal artery in the popliteal fossa and the brachial 
artery in the antecubital fossa. Recent advances in microsurgical techniques have 
made arterial repair of smaller diameter vessels possible. Any vascular repair 
must be protected from abnormal movement at the fracture site and internal fixa- 
tion or external fixator is necessary to achieve this. 

3. Occlusion 

Occlusion of an artery is the common vascular injury seen in association with 
fractures and dislocations. The injury may result from direct trauma by the bone 
ends or it may be the result of traction on the vessel. In either event, the intima 
is damaged with occlusion of the lumen and 1 reflex vasospasm which usually 
extends for a considerable distance both proximally and distal from the site of the 
injury. A closed injury of this nature is treated by opening the vessel and removing 
clot and damaged intima from the lumen until a good blood flow is established 
both proximally and distally. The vessel is repaired by suturing a patch of vein wall 
on to the site of the incision to avoid stenosis and thrombus formation. 



Venous Injuries 

Isolated venous injuries associated with osseous trauma are rare except in the 
pelvis. However, the combination of venous and arterial disruption following 
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skeletal trauma is common and occurs more frequently than is appreciated. In 
general, these injuries are lacerations, often multiple, producing hematomas. 
Thrombosis may follow as a delayed event. When this occurs, the hemodynamic 
and hydrostatic effects may be significant, particularly after attempted arterial re- 
pair, since improved arterial inflow may then only contribute to hematoma forma- 
tion, distal edema, and progressive tissue destruction. 

Venous reconstruction decreases hydrostatic pressure and resistance across 
the arterial repair. Most venous lacerations can be repaired by lateral suture. More 
severe venous disruption may require excision and primary anastomosis or inter- 
position venous grafting. These venous repairs are vulnerable to thrombosis, but 
even if they remain open for only 24 to 72 hours, relaxation of vasospasm and 
development of venous collaterals may occur. Furthermore, thrombosed venous 
grafts may later recanalize. 
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FRACTURES IN CHILDREN 

- 

Fractures in children demand separate consideration for the following reasons: 

1 . Healinq is rapid as long as there is bone contact. 

2. Open reduction is rarely indicated except in cases of fractures into joints. 

3. Power of remolding i s great and some degrees of angular deformity will 
correct spontaneously. 

4. Epiphyseal injuries jn the growing chi ld mav lead to growth disturbance. 

"5" Fractures'" in chil dren are often missed^because the history of trauma is either 
concealed or the child is not old enough to communicate. 

6. The diagnosis may not be obvious radiologicalty. X-rays of both limbs for 
cOmparisoR are "occasionally required. 

Fractures in children will be discussed under the followi ng headings : 
A. Birth fractures. B. Epiphyseal injuries- 

C. Shaft fractures of long bones,. P. Pathologicjyjracjures. 

Birth Fractures 

These may occur in a normal bone as a result of a difficult labour or in a 
congenitally diseased bone. 



Fracture of humerus, cl avicle, femu r and displacement of epiphyses of the 
humerus or femur are the most commonly e ncountered. These types of fractures 
sy atiY-as t^c i dlHd 'TArit tl^OonsiderabT e displacement, so deformity is obvio us, 
hfiRlimls j^oid and large masses of cailusTJkually develop, nonunion is practically 
unknown, andan^faV tteToTmity is corrected by remodelling during the first few 
years of life. 

General lines of treatment are the same as those in adults: 

a) Redu ction: A natomical reduction of long bone shaft fractures is not neces- 
sary since by the power of remolding the alignment will be restored, but it must 
be remembered that the remolding process can correct angular deformity but not 
rotational deformity. 

b) Immobilization: O nce reasonable alignment of the fracture is achieved, im- 
mobilization is carried out according to the site of injury. 

c) Sof t tissue treatment 
TaBllitation i s not usually needed in children. 

2. Fractures in a conge nitally diseased bone 

a) Congenital pseudoarthrosis of the clavicle 

This condition usually presents as a painless swellinqj riostiv on the right side 
situated just lateral to the midshaft of the bone. 
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Treatment is operative^ the cartilaginous pseudoarthrosis is excised, a bone 
graft is used and the clavicle is fixed internal 



b) Congenital pseudoarthrosis of the tibia 

This condition is very difficult to treat. It usually presents with an anterior angu- 
lation of the tibia, which if fractured by trauma or by an osteotomy to~corf ect the* 
"HeTolrnif^wiTl lead to pseudoarthrosis. 

Treatment of the established case depends basically on applying a series of 
bone grafts. Electric stimulation and llizarov method have been used with some 
success. 

Epiphyseal Injuries 

The epiphysis can be divided into two main groups, the pressure epiphysis at 
the end of long bones, and the traction epiphyses associated with muscle attach- 
ments {Fig. 223). 



PRESSURE EPIPHYSIS 



TRACTION EPIPHYSIS 



ATTACHMENT OF PERIOSTEUM 



PRESSURE EPIPHYSIS 




TRACTION EPIPHYSIS 



DIAPHY5IS 



METAPHYSiS 



EPIPHYSEAL PLATE 



Fig. 223 Types of epiphysis 



Injuries to traction epiphysis are always produced by overaction of the as- 
sociated muscles, these injuries are of no more than nuisance value and require 
only palliative treatment. 

Injuries of the pressure epiphysis on the other hand can have serious conse- 
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quences varying between retardation of growth, gross angular deformity and avas- 
cular necrosis, the outcome depends upon few features the most important of 
which is the type of injury. 

Classification of epiphyseal plate injuries 



The following classification is based on the mechanism of injury as well as on 
the relationship of the fracture line to the growing cells of the epiphyseal piate. 

Ty pe I (Fig . 224) 

Ther e is c omplete separation of the epiphysis without any fracture throug h 
bone; th e growing cells of the epiphyseal plate remain with the epiphysis. 
Clo sed reduction is easy to achieve and maintain. 

" Prognosis: Excellent with re growth disturbance. 




CALS1FY1N6 
CARTILAGE 



MATURING 
CARTILA6E 



PROLIFERATING 
AMD GROWING 

CELLS 



REST IN 6 
CELLS 




Fig. 224 Epiphyseal plate injury - Tpe I 
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Type II (Fig. 225) 



4 jy^^J3^g i mm2neg^ l g^^counting for 70% of all injuries. 
The line of fracture -separation extends along the epiphyseal p iate to a variable 
distance and then breaks out through the metaphysis producing tne famiifartrran- 

^tessd^gdgdjruuajslatiyejy, easy to ob tain as well as to maintain . 
Prognosis^ Excellent, with no growth disturbance. 
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Fig. 225 Epiphyseal plate injury - Type (1 



e/// (Fig. PPfi^ unnnmmnn 



Fracture is intra-articular and extends from the articular surface to the p late and 
therjabnath e plate jcijij^ej^nrjgjx Accurate reduction is essential, since it is 
anlhtra-articular fractur e. Open reduction may be necessary . 

Prognosis : Good p roviding the blood supply to the separated portion has been 
preserved. 



Type IV (Fig, 227), uncommon 



JThe fracture which is intra-articular, extends from the articular surface thro ugh 
the~epTphysis across theTplate and towa rds the periphery through the metaphysis. 
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Fig. 226 Epiphyseal plate injury - Type 1)1 





Fig. 227 Epiphyseal plate injury - Type IV 
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Ac£ucataj^dyctiQn_i s essential for the sake not only of the plate but for the 
restoration of the articular surfac^ Open reduction is almost always necessary. 
Prognosis: Can be favourable if anatomical reduction has been achieved 



Type V (Fig. 228), uncommon 



This injury resuJls Jcom-se* 
unusual. 



jmeatijf_the_epiphysis is 



Si npe there is no displacement, reduction is not needed , the limb is immobilized 
in' plaster of Paris cast. 

Prognosi s: Poor, cessation of growth and/or angular deformity due to inequality 
of growth may occur. 





Fig. 228 Epiphyseal plate injury - Type V 



The following tabie summarizes the types, treatment and prognosis of epi- 
physeal plate injuries. 



Fractures of the shafts of long bones 



Fracture shafts of long bones in children pose different problems to those in 
adults for the following reasons. 

1 . Union always occurs providing that there is bone contact. 

2. Discrepancies of axis and length tend to correct spontaneously. 

3. Healing is rapid. 

4. Growth stimulation and compensatory overgrowth will occur. 
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Type 



Treatment 



Prognosis 




Closed reduction is 
easy. 

Immobiiize in plaster 
cast. 



Excellent, no growth 
disturbance. 




Closed reduction is 
easy to achieve and 
maintain. 



Excellent, no growth 
disturbance. 




Accurate reduction is 
essentia!. 

Open reduction may be 
necessary. 



Good. 



IV. 




Accurate reduction is 
essential. 

Open reduction is al- 
most always necessary. 



Can be favourable if 
anatomically reduced. 



V. 




Reduction is not neces- 
sary since there is no 
displacement. 



Poor. Cessation of 
growth and/or angular 
deformity often occur. 



For these reasons anatomical reduction is neither indicated nor desirable and 
operative treatment is rarely indicated except in certain cases of forearm fractures 
if closed manipulation fails to achieve alignment compatible with perfect function. 
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PATHOLOGICAL FRACTURES 



Pathological fracture could be simply defined as a break in the continuity of 
bone within an abnormal bone structure. This abnormal bone structure could be 
due to: 

1. Congenital diseases such as osteogenesis imperfecta 'brittle bone disease' 

Osteogenesis imperfecta is a congenital disorder, in which there is a genetically 
induced abnormality in bone structure. The bone is fragile and breaks easily, but 
fractures always unite promptly and soundly with large amount of callus. The' aim 
of treatment is to obtain union of every fracture in as good an alignment as possi- 
ble. For a single fracture, conservative methods are employed, but for multiple 
united fractures with deformity surgical methods for realignment and fixation are 
indicated to prevent refracturing. 

2. Infection - osteomyelitis 

Management of such a fracture can be difficult. It should be prevented by early 
and effective treatment of osteomyelitis. The safest plan for treating such fractures 
is to immobilize the limb in plaster of Paris or in a Thomas splint until a firm 
involucrum forms; sequestra can be removed following that. Long term antibiotics 
specific to the infecting organism should be given from the start. 

3. Fracture through a cyst in children 

Cysts which are responsible for pathological fracture are mostly simple. Surgi- 
cal intervention to treat such fractures is not usually indicated as spontaneous 
resolution of the cyst occurs following a fracture. 

4. Metabolic diseases 

a) Osteoporosis which is less mass per voiume unit of bone 

b) Osteomalacia which is failure of mineralization of osteoid. 

c) Pagets disease (osteitis deformans) 

In addition to the management of the fracture the disease itself should be 
treated when possible. 

5. Primary bone tumours 

In this type of pathological fractures, the management depends on treating the 
primary tumour itself. 
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6. Metastatic bone tumours 

Metastases to the skeleton are relatively common in cancer patients. 

Following the first pathological fracture due to a metastasis, it is estimated that 
30% of patients survive for 1 year or longer. For that reason, an aggressive 
surgical approach is favoured for the treatment of these fractures, in order to make 
the patient more mobile and pain free for the remaining life span. The most com- 
mon primaries giving rise to bony metastases are carcinomas of the breast, pros- 
tate, lung and kidney. Multiple myeloma and lymphoma also give a similar clinical 
picture. 



Diagnosis 

A pathological fracture due to a metastasis should be highly suspected on 
clinical grounds if: 

1. The history reveals 

a) An insignificant amount of trauma, 

b) General symptoms of weight loss, malaise and tiredness. 

c) Previously diagnosed malignancy. 

d) Symptoms suggestive of maiignancy in various organs. 

2. Examination reveals 

a) General examination: Signs suggestive of maiignancy e.g. weight loss. 

b) Local examination shows: 

i) Tenderness, pain and swelling at the fracture site is much less than ex- 
pected. 

ii) Muscle spasm and deformity is minimal. 

To confirm the diagnosis the following investigations are needed: 

1. Radiology 

a) Routine X-ray of the affected bone is helpful to determine: 
i) The site of the lesion 

ii) The osseous response of the iesion, e.g. osteolytic as in carcinoma breast 
metastasis, osteoblastic as in carcinoma prostate metastasis. 

b) A chest X-ray is always necessary to detect pulmonary metastasis. 

c) An isotope bone scan may be needed to detect an early lesion undemon- 
strable by routine radiology. 
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2. Laboratory investigations 

a) Specific tests are abnormal with certain tumours, e.g. raised acid phos- 
phatase in prostatic cancer and positive Bence Jones protein in multiple myeioma. 

b) Nonspecific tests: The serum alkaline phosphatase and the erythrocyte 
sedimentation rate are always raised. 



Management 

The aim is to make the patient more functional and pain free for the remaining 
life span. 

Early operative intervention, adequate stability obtained by internal fixation or 
a prosthesis supplemented with bone cement, should be carried out if indicated 
whenever possible. 

Other methods of treatment of advanced cancer therapy such as radiotherapy, 
chemotherapy, hormonal and immunotherapy may be needed depending on the 
primary cause. 



Prophylactic internal fixation 

Although this procedure is still debatable, the following high risk characteristics 
are considered indications for prophylactic internal fixation of a long bone with 
metastasis: 

1 . Involvement of cortex. 

2. Increasing pain. 

3. Pure lysis as evidenced on X-ray. 

4. Development of a malignant lesion not previously demonstrable in the bone. 
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Abdominal injuries 196 

Acetabulum, fractured 136 

Acromioclavcular joint, Injuries 56, 70 

Amputations 42 

Ankle, fractures 177 

Antibiotics 36, 44, 45, 198 

Arterial injuries 218 

Arteriography 219 

Arthrography 161 

Avascular necrosis 49, 62, 104, 146, 149, 183 

femoral head 49 

scaphoid bone 49 

talus 49, 183 
Avulsion fractures 8, 82 

Bennett's fracture dislocation 1 1 
Bladder disturbances 128 
Bladder rupture 134 
Bleeding major accident 195 
'Burst' fracture 8, 120 

Carpal bones 101 

Carpal lunate 115 

Carpo-metacarpal joint, dislocations 116 

Cervical spine 127 

atlas and axis injuries 129 
Chest injuries 191 
Claw hand 208 
Clay-shoveller's fracture 131 
Coccyx, fractured 136 
Colles' fracture 96 
Crush syndrome 41 
Cubitus valgus 79 
Cubitus varus 79 

Dislocations 5 

acromio-clavicular 56, 70 
carpo-metacarpal 1 1 6 
elbow 77, 86 
hip 140 

interphalangeal 117 
knee 158 
lunate 105 
patella 171 

recurrent 171 
perilunar 105 
radial head 92 
shoulder 63 
sierno-clavicular 71 



Elbow joint 75 

dislocation 86, 77 

myositis ossificans 50 
Epiphysis, fracture-separation of epiphyses 
Erb's palsy 205 

Fat embolism 42 
Femoral neck, fractures 146 
Femoral shaft fractures 152 
Finger 

mallet 115 

stiffness, splintage and 113, 114 
Fractures 

acetabulum 136 

ankle 177 

atlas 1 29 

axis 1 29 

bed sores 49, 128 

blisters 41 

'burst' 8, 120 

carpal scaphoid bone 101 

cervical spine 127,129,131 

clavicle 57 

clay-shoveller's 131 

coccygeal 136 

Colles' 96 

complicated 4 

consolidation, definition 39 

delayed union 45 

description 1 1 

displacement and 12 

femur 146, 152, 162 

fibula 171 

force in 6 

greater tuberosity 61 

humerus 60, 72, 77 

internal fixation 30 
joint complications 49 

knee 157, 162, 166, 169 

local signs 10 

malunion 49 

mechanism of injury 6 

metacarpals 110 

metatarsal 1 87 

nonunion 45 

olecranon process 85 

open 4, 36 

operative treatment 1 5, 30 

patella 169 



224 



L 



234 



Fractures and dislocations 



pathological 4, 229 

pelvic 132, 133 

plaster 19 

radius 83, 92, 101 

reduction 14, 18 

scaphoid 101 

scapula 59 

soft tissue, treatment 1 5 

spiral 6 

supracondylar 77, 162 

symptoms 9, 12 

taiar 183 

tibia and fibula 171 

time factor 18, 39 

toes 1 88 

traction 23 

transverse 6 

triquetral 104 

ulnar 85, 92 

union 39 

unstable 118 

wedge 120 

X-ray examinations 10 
Fracture-dislocation 5 
Fracture-separation of epiphyses 
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Gas gangrene 44 
Galeazzi fracture dislocation 
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Hip joint 138 

anatomy 138 

dislocations 140 

fractures 1 46 
Horner's syndrome 201 
Humerus 60, 72, 77 

neck fractures 60 

shaft fractures 72 

supracondylar fractures 77 

T and Y shaped fractures 81 



Internal fixation 30 
Ischaemia contractures 

Joint, stiffness 49 
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Knee 156 

dislocation 158 
fractures 157, 162, 166, 
ligament injuries 159 
meniscus lesions 160 
stiffness after injury 157 
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Ligament injuries ankle 
Lumbar spine 1 27 
Lunate dislocations 105 
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Mallet finger 115 
Malunion of fractures 49 
March fracture 1 87 
Median nerve 206 
Meniscus lesions 160 

torn lateral 1 60 

torn medial 1 61 
Metacarpals, fractures 1 1 
Monteggia fracture dislocation 
Myositis ossificans 50, 80 
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Necrosis, avascular 49, 62, 104, 146, 149, 183 
Nerve lesions 199 

classification 201 

diagnosis 201 

pathology 200 

treatment 202 
Neurapraxia 201 
Nonunion of fractures 45 



Odontoid base, fracture 130 
Olecranon process, fractured 
Os calcis, fractures 184 
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127 



171 



Paraplegia, traumatic 

Patella 169 

dislocation, recurrent 
fractures 169 

Patellectomy 170 

Pelvis, fractures 133 

Perilulnar dislocation 105 

Peripheral nerve lesions 199 
brachial plexus paralysis 203 
Erb's palsy 205 
Klumpke's paralysis 205 
median nerve injuries 106, 206 
radial nerve injuries 73, 210 
sciatic nerve injuries 146,213 
ulnar nerve injuries 208 

Perkin's fracture time-table 39 

Plaster of Paris 1 9 

Pulmonary embolism 41 

Putti-Platt operation 68 

Radial nerve lesions 73, 210 
Radius 75, 83 

dislocated head 92 
fractured 83, 92, 1 01 
head 84 

dislocaton 92 
fractured 84 
neck, fractured 84 
Reduction of fractures 18 
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Sacral fractures 1 36 
Scaphoid bone fracture 101 
Scapula, fracture 59 
Sciatic nerve 146, 213 
Shoulder joint 55 

anterior, dislocation, Anatomy 55, 63 

dislocations 63 
recurrent 67 
stiffness following 67 

fractures and dislocations 64 
Skeletal traction 25 
Skin, traction 24 

Skull, traction in cervical spine 26, 127 
Spine 118 

burst fracture 8, 120 

extension injuries 120 

mechanisms of injury 119 

stability 122 

whiplash injury 131 
Stiffness, joint, of 41, 49 
Stress fractures 1 87 



Subtrochanteric fractures 151 
Supracondylar fracture, humerus 

Talus 183 

avascular necrosis 183 

fractures 184 
Tetanus 36, 43 
Thomas' splint 29 
Thumb, fractures 109 
Tibia, fractured 1 66, 1 71 
Toes, fractured 188 
Traction 23 

balanced 28 

fixed 28 

mechanics 28 

skeletal 25 

skin 24 

skull caliper 26 

Wrist 95, 96, 104, 107 
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